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ABSTRACT
The work described in  th is  thesis  was carried  out t o  explore the 
chemistry o f  carbanonaborane(14), CBgH^. Incorporation o f  metal atoms 
in to  the molecular framework was o f pa rticu la r in te res t.
An n .m .r. in vestiga tion  o f  the monocarbaboranes CBgH  ^4 and 
C CS8H1 3 ^  indicated the presence o f unsymnetrical bridging hydrogen 
atoms in  both carbaboranes. More s ig n ific a n t ly , the errio-hydrogen 
attached t o  the carbon atom is  involved in  exchange w ith  a l l  the three 
bridging hydrogen atoms in  the anion, whereas no such exchange is  
observed in  the neutral precursor.
The reaction  o f  [MCKOD) <H) ( P fh j i j ]  (M -  Ru, Os ) w ith  LilCBgH^J 
y ie ld s  the rUdo-fnetallacarbaboranes [ (OD) ( PPh^) jMCBgRj Q ( PPh^) ] .  Both 
compounds have a decaborane(14) lik e  cage structure with the 6-  and 9- 
poeitions occupied by CH and [M(PPh3>2 (CD) ] tragnents. Minor products 
o f  these reactions have been isolated  and characterised as two isomeric 
ch lorinated nldo ruthenacarbaboranes and two isomeric c lo eo  ruthena- 
and oamacarhaboranes. A s im ila r reaction w ith  [Ru(C l) (h-CgHg) (PPhg^ J 
y ie ld s  the arachno species [ (n -C ^ M H ) (PPt^JRuCBgH^] ( 3 ) .  m  th is  case 
the cage arrangement is  s im ila r to  that in  [B ^ H ^ ]2- w ith the 6-  and 
9- pos itions  substituted by CJ^ and (RuHtn-CgHj)(PFhj)] fragnants.
The metal la  d e r iva tives  iso lated  from reaction  o f  L ifCBgH^] 
with go ld  reagents, A u d V ^ C l, were a l l  found to  have arachno 
structures. These auracarbaboranes a l l  have a t r ip le  c lu s te r  structure 
consisting o f  a carbaborane-gold-carbaborane sandwich. The cen tra l 
gold  c lu s te r  unit consists o f  e ith er one, two, o r  seven go ld  atoms.
The heptanuclear gold c lu s te r  is  the most novel o f  these 
auracarbaboranes and d isp lays a d iffe ren t  geometry o f  the cen tra l gold 
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KEY FOR STRUCTURAL FIORES
In order t o  reduce the complexity o f  the diagrams o f  borane, 
carbaborane and m etallacarbaborane c lu sters  contained in  Chapter 1 and 
elsewhwere, the fo llo w in g  symbols have been used to  represent the 
d i f fe r in g  sk e le ta l atoms;
o
0  •  CH
•  . C
(D - r
m  - ■
©
o  •  H
-  M eta l, 1 . 1 .  Ru, F a , . . , .
For each o f  these s tructu ra l diagrams, reference t o  the molecular 
formula (o r  formulae) provided in  the Figure t i t l e  w i l l  a s s is t  
comprehension o f  the symbolism used.
In  order to  ach ieve c la r i t y  in  the diagrams o f  the sk e le ta l 
structures o f  the metallacarbaboranes, the ligands bended t o  the metal 
have e ith e r  been om itted  except fo r  the coordinating atom o r  on ly  
p a r t ia lly  drawn. The nature o f  the ligands are g iven  in  the F igure 
t i t l e  acoonpanying the diagram.
Whilst the B-H( tanni nai )  hydrogen atoms have been rou tin e ly  
emitted from these diagrams, the endo hydrogens have been included 
when they are o f  s ign ifica n ce .
The drawings o f  X-ray structures in  Chapters 3 and 4 were 
produced by oesputar from the o r ig in a l X-ray so lu tion  data f i l e s  and 
have bean in d iv id u a lly  lab e lled .
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ICHAPTER 1 . IKUOJUCTICW.
P rio r  to  describ ing the metallacarbaborane syntheses that form 
the theme o f  th is  th es is , the fo llow in g  b r ie f  review o f  carbaborane 
and meta 1  lacarbaborane chemistry has been made to  complement the 
discussion o f  these new compounds.
L L .  O P T O L  FEM IKBS OP f l g B B M »  CWETTERS.
The term 'carbaborane' describes a c lass o f  compounds re lated to  
the boron hydride (borane) c lu sters  by substitu tion  o f  one o r  more 
sk e le ta l boron atoms by carbon atoms. The neutral boranes and anionic 
boranes characterised by A lfred  Stock1 and the more recen tly  
synthesised iso e lec tron ic  carhaboranes2 ' 3 can be c la s s i f ie d  in to  the 
sto ich iom etries sham in  Table 1. C lusters with d if fe r e n t  
sto ich iom etries to  those tabulated are nevertheless isoe lectron ic , 
though notable exceptions to  th is  are discussed la te r .  The 
carbaboranes are derived  from the boranes by the notional substitution 
o f  a BH group and a hydrogen atom by the isoe lectron ic  CH group,
(CH -  BH ♦ I T ) .
In p r in c ip le  any group which is  iso loba l with a sk e le ta l boron 
un it cam be substituted in to  the framework to  g iv e  the corresponding 
hypothetical heteroborane, though the synthetic route to  the compound 
is  normally less  e a s ily  formulated. Iso loba l groups have the same 
number o f  'f r o n t ie r ' bonding o rb ita ls  (o f  the s im ila r symmetry, shape 
and energy) containing the same number o f  e lectrons4. Such 'Iso loba l 
Mapping' i s  o f  iiimenae value in  oonparing the vast range o f  known 
organic compounds to  the kncwn o r  hypothetical organometallic 
analogues. An extensive review o f  the top ic  was g iven  by Hoffman in
1
Table 1 Stoichiom etry and s tru ctu ra l c la ss  o f  the boron





Arachno Bn V e
Carbaborane No o f  
SEP'~s
CA -A .2 -x n ♦ 1
CxBn-xHn+4-x n + 2
CxBn-xHn+6-x n ♦ 3
Table 2. Heteroboranes which are  is o e le c tro n ic  and isostru ctu ra l 
w ith  curachno-[B1 QH14] 2~ (13 SEP's)
H eteroborane Formula I s o e le c t r o n ic
e q u iv a le n c e
1 ) C arbaborane5 CB9 H13L CH -  BH ♦  e~
2 ) Azaborane6 [ N B ,« , , ! ' NH -  BH ♦  H"
3 ) T h iabo ran e6 [ S B , « , , ] ' SH -  BH ♦  H~ ♦  H'





his 1981 Nobel Prize  lec tu re4.
Heteroboranes containing various main group elements as w e ll as 
a range o f  tran s ition  metal atoms o f  su itab le  oxidation sta te  are 
known. A relevant se ries  o f  such compounds is  shown in  Table
In  general, carbaboranes and o ther heteraboranes, l ik e  the 
boranes, have molecular structures in  which the sk e le ta l atoms de fin e  
the v e r t ic e s  o f  a range o f  regu lar tr iangu lar faoed polyhedra8 
(see Figure 2 ) .  Clusters that d ev ia te  from the geometries shewn in  
Figure 2 are few in  number, the reasons fo r  which are  discussed la te r . 
Those c lu sters  that d e fin e  completely the 'n ' v e r t ic e s  o f  a polyhedron 
with 'n ' sk e le ta l atoms have been designated the structural 
c la s s if ic a t io n  ' Closo' . A s ign ific a n t number o f  boron based c lu sters  
have structures in  which one to  three v e r t ic e s  o f  the polyhedra are 
unoccupied. These 'fragment cages' have been designated the structura l 
c la s s if ic a t io n s , ' Nldo' . ' Arachno' and ' Hypho' when th e ir  'n ' sk e le ta l 
atoms conform to  the polyhedron with (n  ♦  1 ) ,  (n ♦ 2 ) and (n  ♦ 3) 
ve rt ic es  resp ec tive ly . The re la tion sh ip  between c lo eo , nldo and 
arachno c lu sters  is  i llu s tra ted  in  Figure 2, the hypho c lass i s  not 
shown because only a few c lu sters  w ith  such open structures are  known.
Williams6 has noted that in  the nldo fragnant c lu sters  the 
unoccupied vertex  is  usually the most h igh ly  connected, w ith  adjacent 
v e r t ic es  being unoccupied in  the more open arachno and hypho c lu sters .
Qubaboranes with sto ich icm etries where x ■ 1 t o  4 (See Table 1) 
and various values o f  'n ' are known2 ,3 . The la rgest group are  the so 
ca lled  dicarbaboranes, where x ■ 2. The raonocarbaboranas, x  a 1 , are 
less numerous and the carbon-rich aarbaboranes9, x ■ 3, 4 le e s  s t i l l .  
Soma o f  the known mono- and d i -  aarbaboranes are tabulated in  Ttablee 
3, and 4 resp ec tive ly , together with a descrip tion  o f  the gross
3

polyhedral geometry and fo r  fragment c lu sters , the shape o f  the open 
fa ce . Note that in  seme cases th ere are  several carbon positiona l 
iscmers known, (marked by an a s te r isk  in  the tab les ) and on ly the 
known parent carbaborane species a re  given .
A large range o f  metallacarbaboranes, too numerous to  tabulate, 
have been characterised11' 12' 13» 14, the m ajority o f  these are derived 
from the dicarbaboranes. The synthesis and structure o f  seme o f  these, 
Including some metalla-monocarbaboranes are discussed la te r .














*r «d m 9-CB8H14 Octadeoahedron Hexagonal
chair
S f i K - t a y W ’ Bi-capped square antiprian
Octadeoahedron Hexagonal
boat
3 s * s - ,CBio Hn  >" Octadeoahedron
jadB -IC B ioK ,,)- Icosahedron Pentagonal
planar
S to B i- ia , Icosahedron
(•  Carbon pos itiona l isomers known, * *  Shape o f  parent polyhedron)
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TABU: 4 . Dlcarbaboranes.
Carbaborane Polyhedral
Shape
Shape o f  
open face











C l o a ^ ^ H , Pentagonal, 
Bi-pyramid
a s s e t 's " , Dodecahedron
S s a s ^ u , Tri-capped 







S s s ^CjV io




A r^h n o^ 2BeH1< Icosahedron Hexagonal
boat





(•  carton pos itiona l isomers known, * *  Shape o f  parent polyhedron)
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1.2 . VALOtCE BOO APPHCWCH TO QUOTl» STOUCHtKE.
The ca tenation  observed in  boron c lu s te rs  is  a d ire c t  resu lt o f  
formal e le c tr o n  de fic ien cy . Hie bonding in  the sim plest boron hydride, 
diborane, i l lu s t r a t e s  th is  fea tu re . With tw e lve  e lec trons ava ilab le  
fo r  bonding in  B2H6, only s ix  two-centre tw o-electron  bonds are 
possib le , one less  than that required to  connect e igh t a tens. The 
structure can on ly  be ra tiona lised  by including two-electron 
th ree-oentre hydrogen bridge bonds (B-H-B), a concept orig inated by 
Longuet-H iggins15' 16. The M.O. descrip tion  o f  the B-H-B bond is  g iven  
in  Figure 3a.
A system atic ra tiona le  fo r  the bonding in  boron hydride 
c lu sters , based on the extension o f  the m ulticentre bonding concept 
was devised b y  Lipscomb17' 18' 19, the so ca lle d  'Topo log ica l 
descr ip tion 1. H ie essence o f  th is  method is  the ca lcu la tion  o f  the 
number o f  two and three centre, two-electron bonds required to  connect 
together a l l  o f  the sk e le ta l a terns using a l l  o f  the ava ilab le  valence 
o rb ita ls  and e lec tron s . Three centre B-B-B bonds are a lso  used, 
formulated by the lin ea r combination o f  three boron a ton ic o rb ita ls  
(1X30) to  produce three molecular o rb ita ls  in  a s im ila r  manner to  that 
fo r  the B-H-B three centre bond, as shown in  F ig  3b,c.
TV#o d i f f e r e n t  three centre boron bonds are  d erivab le , namely the 
'open' and 'c lo s e d ' B-B-B bonds. Hie p i o rb ita l o f  the center boron 
atom (a  tan gen tia l 2p o rb ita l )  in  the open th ree centre B-B-B bond 
replaces the 1 s o rb ita l o f  a hydrogen atom in  the B-H-B bond. Hie 
syrrmetry o f  th e  open three centre B-B-B bond i s  such that the e lec tron  
density  r e s id e s  on the edge o f  the trangulated c lu s te r , w h ilst that o f  
the closed th re e  centre B-B-B bond resides in  the centre o f  a 
triangu lar fa c e .
7
a ) Three-centre B-H-B bond
c )  Three-centre c losed B-B-B bond
Overlap o f  atomic 
o rb ita ls
Energy co rre la tion  o f  
molecular o rb ita ls
Figure 3. Molecular o rb ita l diagrams fo r  m ulticentre bonds, used in  
the valence-bond d esc r ip tio n  o f  boron based c lu s te rs . 
(Diagrams reproduced from reference 38)
8
Passible bonding descriptions are ca lcu lated  by solving a set 
o f  'equations o f  balance' to  y ie ld  one or more ' s t y x ' numbers. 
Reformulating the general borane stoichiometry as the
fo llow in g  a lgeb ra ic  eq u a lit ie s  re la te  the number o f  sk e le ta l e lec tron  
bond pairs to  the necessarily  equal to ta l number o f  two e lectron  
sk e le ta l bonds;
No o f  SEP's ■ No o f  skeleta l bands 
(2p ♦ q )/2 -  (u+t+y+x)
hence; s ■ p -  t  x -  q -  s 2y * s -  x
from which a number o f  possib le styx solutions a re  generated.
These numbers, such as the 4220 solu tion fo r  hexabarane(IO), represent 
the lumber o f  B-H-B bonds, B-B-B bonds, B-B bonds and BHj groups 
rep ec tiv e ly , required to  dep ict adequately the bonding in  the 
framework. Each o f  the possib le  solutions is  evaluated in  re la t io n  to  
any symmetry indicated by spectroscopic evidence and by comparison 
with other known species. Each ske le ta l atom is  assumed to  have a 
term inal exo-polyhedral hydrogen attached.
For hexaborane(IO), the 4220 solution is  the most su itab le o f  
the a lte rn a tives . Arranging the boron atoms as synvnetrically as 
possib le , the extra  hydrogens are placed around th e  open face to  
coincide with the styx descrip tion , to  y ie ld  the topo logy  shown in  
Figure 4a. This descrip tion  is  only one o f  a number o f  canonical 
resonance structures, that account fo r  the observed symmetry o f  the 
molecule, as indicated by the 5 t 1 pattern observed in  the ambient 
tanperature 11B n .a .r . spectnsn20. The rapid b ridg ing  hydrogen 
f lu x io n a lity , indicated from the observed ambient temperature n.m .r. 
spectrun, has bean found to  be removed a t low temperature21.
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a ) Topology and m olecu lar structure o f  Bgftj Q
b) Topology and m olecular structure o f  CJBAU
.  — o —  • 1 h III
r Q >  © ©
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c )  Topology o f  C ^ H g  in vo lv in g  'f r a c t io n a l ' three-centre bonding
Figure 4. Valence bond descrip tion  o f  boranes and carbaboranes.
(Diagrams reproduced from reference 9)
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The valence bend descrip tion  is  equ a lly  app licab le  to  
carbaboranes as shewn by comparing the to p o lo g ie s  o f  hexaborane ( 10 ) 
and the iso e lec tron ic  dicarbaborane 2 ,3-dicarbahexaborane( 8 ) .  The 2240 
styx topology o f  the carbaborane is  fundamentally sim ilar to  that o f 
the 4220 topology o f  the borane, since both have two three centre 
B-B-B type bonds, a lb e i t  a B-B-B and a B-C-B in  the carbaborane. 
Because o f  the d iffe ren ce  in  numbers o f  endo hydrogens, although the 
number o f  e lectrons remains the same in  these analogues, in  the 
carbaborane there are t v e  fewer B-H-B bridges and consequently two 
more two centre bonds, as shown in  Figure 4b. Nevertheless, the s ix  
canonical topo logies shewn fo r  2 , 3-dicarbahexaborane (8 ) ,  taken as a 
resonance hybrid g iv e  a  sim ilar descrip tion  o f  the bonding between the 
ap ica l boron and the basal plane to  that o f  th e  resonance hybrid o f  
hexaborane(IO).
A Self-Consistent F ie ld  M.O. treatment o f  the carbaborane 
2 , 3-dicarbahexaborane (8 ) ,  has shown that o f  th e  s ix  canonical 
resonance topo logies shewn in  Figure 4 .b , the major contributors to  
the resonance hybrid structure are I  and I I 22. The bonding around the 
basal plane is  best described as including a carbon-carbon double bond 
w ith one p i bond d is to rted  towards the ap ica l boron, and hence is  
qu ite  d if fe r e n t  to  the bonding in  hexaborane( 1 0 ) as suggested by the 
previous s im p lis t ic  view  o f  the topo log ies .
A refinement o f  the valence bond treatm ent o f  carbabaranes uses 
the concept o f  " fra c t io n a l"  three-oentre bonds23. An improved valence 
bond descrip tion  o f  C^B^Hg using th is  approach i s  shown in  Figure 4c.
A further gen era lis ticn  has been made by Lipeocmb23, to  the e f fe c t  
that the open type o f  three centre B-B-B bond i s  not required fo r  the 
descrip tion  o f  boranes, though lim ited  use i s  found fo r  the valence
11
descrip tion  o f  carhaboranes.
I t »  top o log ica l descriptions in  Figure 4 show qu ite  c le a r ly  th a t 
each boron o r  carbon a tern is  te tra va len t. The diagrams o f  molecular 
structure shew the ap ical boron to  be s ix  coord inate because i t  
de fin es  only connectiv ity , regard less o f  the p rec ise  bonding modes 
involved.
For la rger and more symmetrical c lu s te rs  the valence bond 
approach is  less  adequate in  accounting fo r  the observed structural 
symmetry. An a lte rn a tiv e  approach based on M.O. theory has been 
developed, as ou tlined in  the next section .
1*3*. a g C T L  ELHCTCW PAIR TWOCt  AND KBCHW M,Q, OSCRIPITO* ^
For e lec tron  d e fic ien t c lu s te r  molecules24, including 
carboranes, a structure can be predicted from consideration o f  the 
number o f  sk e le ta l electron  pa irs  ava ilab le  f o r  bonding in  the c lu s te r  
framework8 ' 11 ' 25' 26. so ca lle d  Skeleta l E lectron  Pair Theory 
(SEPT), o rig ina ted  by K. Wade25 outlined the fo llow in g  ru les20' 29,
(a ls o  knewn as 'Wade's R u les ');
'For a polyhedral c luster o f  'n ' atoms, the observed 
structure w i l l  be cloeo fo r  (n+1) SEP's, n ido fo r  
(n+2) SEP's and arachno fo r  (n+3) SEP 's.'
These ru les are ccnpatible w ith the re su lts  o f  molecular o rb ita l  
(M .O.) studies o f  closed and fragment cages. A simple example is  the 
octahedral dQfle-tBgHgJ2“ system24. Each sk e le ta l boron atom 
contributes three atomic o rb ita ls  fo r  sk e le ta l bonding, an sp hybrid 
and two tangentia l p o rb ita ls  (F igure 5 ). The overlap  o f  these 
o rb ita ls  (positioned  around the surface o f  a sphere) y ie ld s  seven 
bonding M .O .'s, i . e .  (n i  1) as shown in  Figure 7. The combinations
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that produce these M .O .'s  a re  il lu s tra te d  in  Figure 6 .
For fragment c lu s te rs , such as n ldo-B^H  ^ and arachno-B ^  Q the 
sp a tia l arrangement o f  th e  a terns s t i l l  generates seven bending M .O .'s , 
(n  + 2) and (n + 3) r e s p e c t iv e ly . Hie ex tra  hydrogens ( 'in n e r
re ta in  the symmetry o f  th e  sk e le ta l atoms and s ta b il is e  the bonding 
M .O.'s formed. Since c lo sed  and fragment polyhedra o f  'n ' atoms can 
generate (n ♦ 1 ) ,  (n + 2 ) and (n + 3 ) bonding M .O.'s depending on the 
symmetry, then a stab le  system is  expected i f  (n ♦ 1 ) ,  (n  + 2 ) and 
(n  + 3) sk e le ta l e le c tron  pa irs  a re  supplied t o  f i l l  them. I t  must be 
noted that w h ils t these e le c tro n ic  requirements cure s a t is f ie d  by 
s tab le  species, they on ly  in d ica te  the l ik e ly  geometry and do not 
p red ic t that such a compound can be sythesised.
The sk e le ta l e le c tron s  are those associated w ith  the inner sphere 
o f  boron atoms, hydrogen bridges  and the ex tra  hydrogen atoms (endo) 
o f  the BHj groups. The term inal hydrogens (exo ) de fin e  the outer sphere.
V
px
Figure 5. O rb ita l con tribu tion  o f  BH
(Reproduced from reference 30)
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Figure 6 . Bonding M .O .'b o f  [BgHg]2“ .
(Reproduced from re fe ren ce  30)
Figure 7. Molecular O rb ita l diagram f o r  [BgHg]2“ .
14
Wade's ru les apply equa lly  w e ll t o  form ally e lectron  
d e f ic ie n t  c lu ster compounds other than the boranes and d e r iv a tiv e s , 
such as the a lk a li metal a lk y ls  and tra n s ition  metal carbonyls. For 
a l l  o f  these systems the ca lcu la tion  o f  the e lectron  contribution  (e )  
to  the skeleton by a pa rticu la r  sk e le ta l fragment is  g iven  by the 
fo llow in g  formulae, devised by Wade29,
For a main group element (E ), e  ■ v  ♦ x  -  2
For a tran s ition a l metal (M ), e  ■ v  ♦  x  -  12
where v  «  number o f  valence e lectrons associated w ith E o r  M, 
x ■ number o f  e lec trons supplied by the 
exo-polyhedral ligand/s on E o r  M,
2 -  the e lec trons used to  bond the ligand on EL 
(o r  EH), o r  are a lone pa ir on E,
12 -  those e lec trons used to  bond the ligand/s
on M and those occupying non-bonding o rb ita ls .
The e lectron  count, ( e ) ,  fo r  a range o f  possib le sk e le ta l 
fragments are g iven  in  Table 5.
Apparently anomalous values fo r  the e lec tron  counts (e )  occur fa r  
certa in  c lu s te r  m oieties o f  tra n s ition  metals possessing less  than 9 
'd ' e lectrons. For example the fracpnent Feto-CjHg) i s  calcu lated to  
aontritxite one e lectron  fo r  c lu s te r  bonding. However, the compound 
^V-C5H5P8 2^C2B6H8 ^  boen  Synthes*»«*31 end shown to  adopt a s tab le , 
10-ve rtex , c loeo  structure w ith  the iron  atoms incorporated in to  the 
framework.
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MMN C3CUP OUSTER UNITS (SEP raCM; v ♦ X -  2)
Main group 
V element (E)
c lu ster E eh
unit (x -0 ) (x * 1 )
Q ij or EL 
(x -2 )
3 B, A l, Ga, In , T l
4 C, S i ,  Ge, Sn, Pb




6 O, S, Se, Te 4 5 6
TOANSITKX METAL CLUSTER UNITS (SEP FROM: v  ♦ x -  12)












6 Cr, Mo, W -2 -1 0 2
7 »*1, T c , Re -1 0 1 3
8 Fe, Ru, Os 0 1 2 4
9 Cb, Rh, i r 1 2 3 5
10 N i, P t , W 2 3 4 6
f l t t l  S i E lectron ic  contribution o f  c lu s te r  units. 
(Reproduced from Reference 28)
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In th is  case each iron  moiety contributes not one but two 
electrons to  the sk e le ta l bonding in  order t o  achieve the required 11 
SEP's. C learly , not a l l  o f  the exo-polyhedra 1 bonding o rb ita ls  o f  the 
iron fracpnent are f i l l e d ,  as s ig n ifie d  by the -12  term in  the 
computation.
A modified equation has been proposed by Nishimura32 fo r  the 
e lec tron  counting in  such cases.
e a v + x - m + 6
The extra  term 'm' is  the number o f  e lec trons normally associated with 
the metal as an organometallic moiety. Using th is  equation g iv es  e  -  2 
fo r  the Fe( -CgHg) un it, s ince m ■ 17, producing the required e lectron  
pa ir count o f  11 fo r  the observed c loeo  structure, ( i . e .  n ♦  1 ) .
Ambiguity in  e lec tron  counting can a r is e  fo r  apparently simple 
groups. For example the monocarbaborane (MS-GB.H. 1 can be c la s s if ie d  as 
arachno or hypho depending on whether the NMe-j-C-H group is  considered 
to  be a sk e le ta l group o r  a face-edge b ridging group (rep lacing 
B-H-B). The structures are then iso e le c tron ic  with hypho-lB^H^-J2~ 
and arachno-[B..H10]~ re sp ec tive ly . Though o r ig in a lly  reported as
hypho33 a subsequent paper"* f a i l s  to  confirm  a preferred descrip tion , 
q
Grimes points out that the sk e le ta l e lectron  counting theory 
has on ly a lim ited  a p p lic a b il ity  to  c lu s te rs  such as the carbon rich  
carboranes. In  th is  case SEPT is  lim ited  by i t s  assumption that there 
is  complete e lectron  d e loca lisa tion  over a l l  o f  the molecule. In  
c lu sters such as PV-CgHg )Qo(Qi^ the s ign ifican t carbon content
resu lts  in  sem i-localised bonding in  a portion  o f  the c lu s te r . As a 
consequence none o f  the observed geometries o f  the three isomers o f  
th is  compound correspond to  the twelve v e rtex  fracpoent based on a 
regu lar th irteen  vertex  polyhedron, (Docosahedron), as predicted by
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the SEPT fo r  a 28 electron , (n+2) c lu s te r . In  fa c t seven d if fe r e n t  
non-dodcosahedra l geometries have been iso la ted  fo r  twelve atom, 
28-electron metallacarbaboranes9.
A number o f  other theories concerning the ra tion a lisa tion  o f  the 
shape and s ta b i l i t y  o f  polyhedral borane and trans ition  metal clusters 
have been developed more recen tly . These include Stone's34 surface 
vector harmonic analysis and the capping p r in c ip le  developed by 
Mingoe36, both o f  which are discussed below. A further refinement o f  
the SEP theory to  account fo r  the e lec tron  counting in  condensed 
polyhedra has a lso  been developed by Mingoe36, w h ilst Teo37 has 
proposed a modified SEP theory to  g iv e  an a lte rn a tiv e  ra tion a lisa tion  
o f  the e lec tron  counting schemes developed in  the Mingoe th eories  by 
the introduction o f  a new sk e le ta l parameter. Both o f  the la t t e r  two 
theories are concerned mainly w ith  tran s it ion  metal c lu sters and are 
not discussed here.
Stone has developed a new method enabling q u a lita t iv e  
descrip tion  o f  the M.O. 's  o f  boron hydride o r  tran s ition  metal 
carbonyl c lu sters . A b r ie f  descrip ion  o f  h is  theory is  as fo llow s . 
E a rlie r  M.O. theory describing c y c l ic  hydrocarbons such as benzene in 
terms o f  ¿in 'e lec tron  on a r in g ' were developed by Hoffman t o  describe 
c lu ster compounds in  terms o f  a p a r t ic le  confined to  the surface o f  a 
sphere. Stone has extended th is  la t t e r  treatment to  enable a wave 
function to  be derived from th LCAO's fo r  a number o f  atoms 
d istribu ted  synm etrically over the surface o f  a sphere ( i . e .  a cloeo  
system
- I n ,  *u,< •  ♦  )
where O f  ) i s  the surface harmonic 
and L ■ nodal planes and M • -L  to  L.
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This generates a set o f  'n ' sigma type clu ster o rb ita ls  from the 'n ' 
c lu s te r  a  tans. As in  other M.O. app lications, the energies o f  these 
o rb ita ls  are expected to  increase w ith the number o f  nodal planes. 
C a lcu la tions to  v e r i fy  th is  have shown that the energy o f  the o rb ita ls  
is  p roportiona l to  the average coordination number34. Moreover, the 
energy i s  minimised by the formation o f  the maximum number o f  bonds. 
This o f  course is  s a t is f ie d  by a triangulated sk e le ta l geometry, noted 
e a r l ie r  a s  being predominant in  the structures o f  boron hydrides.
The wave function noted above can only be applied to  sigma type 
atomic o rb ita ls  and not the p i type nodal p -a rb ita ls  present in  the BH 
sk e le ta l fragments. This was solved by determining a function 
analogous to  the previous spherical harmonic which y ie ld s  a s e t o f  
vec to rs  p a ra lle l to  the sufaoe o f  the sphere a t the pos ition  o f  each 
s k e le ta l atom;
VI *  "  7  YI * ( 9  + >
where V -  gradient operator in  a given  coordinate system.
The d ir e c t io n  and magnitude o f  these vectors (See Figure 8a ) a re  then 
used t o  in d ica te  the p i o rb ita l contribution to  c lu s te r  bonding.
The contours that the surface vector harmonics produce g iv e  a 
q u a lita t iv e  picture o f  the p i bonding in  the c lu s te r . Strongly bonding 
in te ra c tion s  are indicated where the arrows e ith e r  re in fo rce  each 
other o r  converge. These vector harmonics enable the construction 
o f  c lu s te r  p i type o rb ita ls  fran the derived wave functions By
ro ta tin g  th e  vectors though 90° the complementary p i  bending vectors  
and wave functions and are obtained. This has the e f f e c t  o f  
changing th e  bonding o rb ita ls  in to  antibonding o rb ita ls  and v io e  
versa. The V  skeleta l atoms therefore y ie ld  '2n ' p i type c lu s te r
19
b )
Capping Capped Parent polyhedron
M-H polyhedron orbilolsof orbital »not
4, and l of Ai and f  
symmetry symmetry
Figure 8 . a ) Schematic diagram  o f  surface vectors  fo r  a
Closo c lu s te r  (Reproduced from reference 34). 
b ) Id ea lised  M.O. diagram fo r  capping o f  a symnetrical 
c lu s te r  (Reproduced from re ference  35).
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o rb ita ls ,  o f  which 'n ' are bonding. Mixing o f  th e  and o rb ita ls  
generates in  each case a more strongly bonding o r b it a l  and a non 
bonding or antibonding o rb ita l ,  except when L ■ 0 i . e .  ■ S . The 
n et re su lt  is  that 'n+1 ' bonding c lu ster o r b ita ls  are generated, thus 
re in fo rc in g  previously noted c lu s te r  bonding M.O. descriptions.
Stone has a ls o  adapted the surface v ec to r  harmonic approach to  
n ido  and arachno c lu s te rs , the net resu lt o f  which has s im ila rly  
agreed with previous M.O. th eories  that such fragment clusters have 
the same number o f  bonding c lu s te r  o rb ita ls  as th a t o f  the parent 
c lo s o  borane, so long as s u ff ic ie n t  s ta b i l is a t io n  i s  provided by 
protons added to  the open face o f  the c lu s te r .
The term 'Capping P r in c ip le ' has been co in ed  to  describe the 
observations from M.O. ca lcu la tion s , that a capped polyhedron has the 
same number o f  sk e le ta l bonding M .O.'s as the uncapped sym m etrical 
polyhedron. Though app licab le to  most c lu s te r  ocnqpounds i t  i s  most 
u t i l is e d  in  the descrip tion  o f  metal c lu s te rs . The basis o f  the 
capping p r in c ip le  as described by Mingos35 is  a s  fo llow s .
When a symmetrical polyhedron is  capped w ith  a M-H fragment (o r  
a B-H fragment), the symmetry o f  the molecule i s  lowered to  y ie ld  a 
p o in t group w ith a new p rin cipa l a x is . R edefin ing the fro n tie r  M .O.'s 
o f  th e  parent polyhedron and capping fragment (S ee  Figure 5 fo r  
o r b ita ls  o f  the B-H fragment) according to  the new symmetry a llows 
th e i r  in teraction  to  be analysed using pertubation  theory. Thus, only 
o rb ita ls  o f  the same symmetry are  considered t o  in te ra c t, w ith the 
strongest in teractions produced from M.O. combinations with grea test 
e f f e c t i v e  overlap , i . e .  from those M .O.'s w ith s im ila r  energy and 
peeudo-symmetry. In  th is  way the sp^ and px y o r b it a ls  o f  the capping 
fragran t w i l l  in te ra c t most s trongly with s k e le ta l M .O.'s o f  su itab le
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energy with zero  and one nodal planes respective ly .
The former in te ra c tion  resu lts  in  d es tab ilisa tion  o f  the capping 
atom fro n t ie r  o rb ita l ,  th e  e f fe c t  o f  which is  to  reduce the nuntoer o f  
sk e le ta l bonding M.O. 's  o f  the capped polyhedron to  that o f  the parent 
polyhedron. A schematic o rb ita l c o rre la tion  diagram fo r  the capping o f  
an MnHn polyhedron w ith  a  M-H fragment is  given in  Figure 8b.
Though the same s k e le ta l bonding M.O. pattern is  o ften  found in  
c lusters w ith  severa l capping atoms, th is  is  not always the case. In  
the tri-capped tr ig o n a l prism atic c lu s te r  geometry, as found fo r  
example in  [BgHg]2~, l in e a r  combinations o f  capping fr o n t ie r  o rb ita ls  
are able t o  overlap w ith  sk e le ta l antibonding M .O .'s, thereby 
generating add itional bonding M .O.'s in  excess o f  the bonding M.O. 's  
found in  the parent tr ig o n a l prism atic c lu s te r .
Whilst the preceding discussion i s  c le a r ly  re levan t t o  the la rg e  
number o f  tra n s ition  m etal clusters w ith  capped polyhedral geom etries, 
i t  a lso  o f fe r s  an a lte rn a t iv e  view o f  the W illiams8 descrip tion  o f  
nido and arachno borane and carbaborane c lu sters alluded to  e a r l ie r .  
Thus the descrip tion  o f  a  nido c lu ster as having the same number o f  
ske le ta l bonding M.O.' s as that o f the c lo eo  polyhedron a lb e it  w ith  one 
vertex  unoccupied is  the converse o f  the Mingoe type d escr ip tion  o f  
the cloeo  c lu s te r  as being a capped nido c lu s te r , the la t t e r  obeying 
the capping p r in c ip le  noted above. A s im ila r  descrip tion  o f  the 
rela tionsh ip  between n ido  and arachno c lu sters  can a ls o  be made using 
the capping p r in c ip le .
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1 .4 .  SYNTH5SIS CF QUmMORAtCS
Girboranes are prepared by the incorporation o f  carbon atoms 
in to  the framemrork o f  borane c lu sters . The boranes are  a l l  derived 
from startin g  m aterials such as LiBH^, BF3 e t c .  Numerous methods o f
preparing diborane are ava ilab le38, a convenient, high y ie ld  
39preparation being ,
2 KBH4 ♦ 2 HjPC^F ---------► BjHg ♦ 2 KHPO-jF ♦ 2 Hj
Pyrolysis o f  the diborane then y ie ld s  a m ixture o f  boranes*8 ,
V i  * '  W o  '  ®1o"l4
Using varying temperatures and pressures and o ften  in  the presence o f 
other reagents, a predominance o f  one product can be obtained. 
Deoaborane, usually prepared by th is  method i s  produced in  on ly 10* 
y ie ld  a t 115°C whereas a t  150°C in  the presence o f  dimethyl ether the 
y ie ld  is  substan tia lly  increased to  60*. H ie preparation and handling 
o f  boranes usually require extensive use o f  vacuum l in e  techniques, 
since the m ajority  are v o la t i le  and a i r  re a c t iv e . Decaborane is  one 
exception being r e la t iv e ly  a ir  s tab le , though as with a l l  boron 
hydrides and d er iva tiv es  i t  is  tox ic .
A va r ie ty  o f  methods has been employed t o  synthesise a 
particu lar type o f  carbaborane. Some o f  the preparative routes to  the 
mono-, d i-  and carbon rich  carbaboranes are  described below.
The small c loso  and nldo monocarbaboranes are made from the 
pyro lys is  o f  alkylboranes, as exsn p lified  by the reaction  o f  methyl 





higher a lk y la ted  boranes. The products o f  such therm olytic reactions 
are  o ften  numerous and unpredictable.
The re s tr ic t io n  o f  incorporating on ly  one carbon atom in to  the 
borane skeleton negates the use o f  acety len es  as a general preparative 
rou te to  monocarboranes (ocmpare to  dicarbaboranes syn th es is ), though 
severa l a lky lated  d e r iv a t iv e s  o f  CB^Hg have been synthesised by the 
pyro lys is  o f  2-fcutenylpentabarane42. The use o f  an a ce ty lid e 43 has the 
desired  e f f e c t  but re su lts  in  a C -a lky l d e r iv a t iv e .
been successfu lly  used, v ia  n u c leop h illic  a ttack  on decaborane(14) to
1) MeCXLi
Nldo-B5H9 Nido-2 -Et-2 -CBgHg
2) H*
Tb avoid  the formation o f  a lk y l d e r iv a t iv e s  the cyanide ion has
o T Wte3aS10H12
B10«H ->
Figure 9. Reaction o f  decaborane(14) w ith  cyanide.
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The CN~ attacks a t  the le a s t  e lec tronegative  B (6 ) o r  B(9) boron atoms, 
coordin a tin g  as a two e lec tron  donor through the carbon a tern. The 
expulsion o f  a proton g iv e s  the arachno-cvano d e r iv a t iv e , is o la b le  as 
the caesium s a lt .  On a c id if ic a t io n  the n i t r i l e  carbon atom in te rac ts  
with the open faoe o f  the cage to  g iv e  a CBj0  and CBg amino d e r iv a t iv e , 
o f  which the la t t e r  has su ffered  the loss o f  a sk e le ta l boron a tern. 
A fte r  méthylation and separation the amino-carbaboranes can be 
converted to  the parent raonocarbaboranes as shown in  Figure 10.
D ifferences in  r e a c t iv it y  o f  s im ila r ly  functionalised 
carbaborane c lu sters  i s  illu s tra ted  by the con trast in  reaction  o f  
I* te3CB10H12 “ 1 w ith sodiun in  th f .  The former reaction
resu lts  on ly  in  the removal o f  the exo-polyhedral amino group, whereas 
in  the la t t e r  the deamination is  accompanied by a two e lectron  lo ss  to  
produce the c lo a e - l Œ ^ Q]~  anion (The C-t*te3 moiety donates 4 e 's  fo r  
c lu ster bonding). The expected n ldo-tC B ^ ,1 ~  anion is  synthesised by 
using sodium in  l iq u id  anmonia.
Severa l o f  the reactions  in  Figure 9 eue re levan t to  the work 
contained in  th is  th es is  and are discussed in  Chapter 2.
The dicarbaboranes are  usually prepared by reaction  o f  boranes 
with alkynes, g iv in g  in sertion  o f  two cabon atoms in to  the framework. 
The products o f  such reactions  vary according to  the conditions 
employed. The reaction  o f  pentaborane(9) w ith ethyne fo r  exanple, 
g ives  c lo so  carbaboranes as the major products a t  higher 
tenç>eratures46 and nldo carbaboranes a t  lower tenperatures47.
5S0°C /  HCSCh
------------------------> C2B5H7  ♦  CjB^Hg ♦ .. .o th e rs
200°C / ethyne
« 5*9 ------------------------- > C j B ^  ♦  . .  .others
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2-butyne
B8H12 ----------------- *  M82C2R7H9 ♦ M*2C2B8H10
Many o f  the carbaboranes a re  accessib le v ia  reactions invo lv ing  
lower o r  higher carbaboranes. C loeo  dicarbaboranes can be prepared by 
thermolysis o f  nido and arachno carbaboranes. The reactions invo lve 
elthM- disproportionation*9 o r  hydrogan loss50 (o r  both ), as shown In 
the fo llow ing examples;
A lkyl d er iva tives  are prepared from higher alkynes48,
W l 2 ----------- * W l O  *  «2
W j  ---------> C2B6H8 *  W lO  ♦ «2
Reaction w ith diborane cam lead t o  c lu ster expansion48.
®2H6
W b C2E7*9 ♦ «2
Reaction o f  Me^B with nido-2.3 a t ambient temperatures g ives
methylated products with one and two a tan expansion51, M e^ B ^ M e - j axxJ 
Pyro lys is  o f  Me3B a t  elevated  temperatures a lso  g ives  
ths ta n m r  product52.
Cluster degradation is  a ls o  a possib le route to  lower 
carbaboranee as i llu s tra ted  by th e  reaction  o f  [C jBgH ^]“  with e ith e r  
chromic acid 53 or w ith formaldehyde in  d ilu te  hydrochloric ac id54.
chromic acid
, W , i I "  o r  ICH 3 /H C1  ’  ^ 3
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I f  th is  degradation is  ca rr ied  out w ith  a d i lu t e  a c id ic  FeCl3 
so lu tion , the major product i s  C^HyH^55.
The gas phase mercury sen s itised  p h oto lys is  of. carbaboranes has 
produced boron-boron linked c lu s te rs56, as in  the photo lys is  o f  
2 , 4- 0285!^  to  y ie ld  s ix  isomeric (2,4-C^B^ ) 2 c lu s te rs , though with 
o th e r  carbaborane species decomposition occurs. The co-photo lys is  o f  
m ixtures leads t o  low y ie ld s  o f  mixed-cage coupled carbaboranes.
The ioosahedral ortho-carborane, 1, 2 - C ^  2 i s  prepared by
rea c tio n  o f  decaborane w ith ethyne in  the presence o f  a su itab le  Lewis 
base (E t2S o r  MeOJ ) 57' 58. The meta- and para- isomers a re  then 
produced by thermal isom erisation59' 60.
2 MeCN / ethyne
B10H14 ------------------------------- C2B10H12 ♦ 2 »2
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Exarrples o f  known t r i -  and tetracarbaboranes61,62are c loso - 
C3B5H7 and nido-C^BjHg. Though the parent carbaboranes remain unknown, 
C-alkyl d e r iva tives  o f  C ^ ,  C ^ ,  C^Bg and C4B0 c lusters have been 
iso la ted , as have severa l metal la  d e r iva tives63.
The preparative route to  the C4B4 carbaboranes involves the 
ooupling o f  two IR jC ^ H j ] "  units w ith F e ( l l )  to  form a sandwich 
ocmplex, which then undergoes a i r  oxidation  to  y ie ld  R^BgHg (Figure 
11). The o ve ra ll process i s  a four e lectron  oxidation , which has been 
shewn to  proceed in  th f  solu tion in  an intramolecular manner v ia  an 
intermediate (R jC ^ H ^ jF e ^ t h f )2 ocmplex64.
Figure 11. O xidative fusion reaction  to prepare
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The ox ida tive fusion reaction  to  produce new s in g le  c lusters i s  a 
p o ten tia lly  very useful syn thetic to o l and not supris ingly  an ¿urea o f 
current in terest.
Such coupling can a ls o  be achieved w ithou t metal assistance, fo r  
example, the tetracarbaborane C^BgEt^ was synthesised65 from 
KjIC jB jEtg] by oxidation w ith  I j .
Other attempts a t coupling polyhedra by o x id a tiv e  methods have 
y ie lded  linked rather than fused dimeric u n its , such as the chromic 
acid oxidation“  o f  to  y ia ld  (CjBjH ,, )Jm
Thermolysis is  a lso  a useful route to  th e  carbon rich 
carbaboranes, as in  the gas phase pyro lys is67 o f  C^B^H  ^ to  obtain  
nido-C^B-.Rj 1, though as expected other linked carbaboranes are a lso  
produced60.
The photolysis o f  th e  nido-B^HgFe (00) ^  in  the presence o f  
MeC*Ote produces as a major product the tetracarbaborane69 Me^C^H^, 
with minor y ie ld s  o f  KtegCgB^H  ^ and ftegCgB^H^. The insertion  o f  the 
alkyne molecules is  thought to  occur v ia  coord ination  to  the metal 
atom.
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1 .5 .  S W n g S IS  CP l«*LLAQKBCKANES.
The m ajority o f  metallacarbaboranes are prepared by the reac tion  
o f  metal complexes w ith neutral or anionic carbaboranes, though th e ir  
synthesis from boranes has been demonstrated. The curren tly  ava ilab le  
syn thetic  routes can be c la s s if ie d  in to  the fo llow in g  d is t in c t  
methods:
1 ) Polyhedral oonpletion o f  nldo carbaborane anions
2) Polyhedral expansion (stepwise o r  concerted)
3) Oxidative in sertion  in to  fragment carbaboranes
4) Polyhedral a ttraction/degradation
5) Polyhedral replacement/subrogation
6 ) ‘Thermally induced polyhedral rearrangement
A b r ie f  review o f  each o f  these s ix  synthetic methods is  g iven  below.
1 .5 .1 . u r n  p g * » « AL g m
One o f  the most w idely used synthetic routes t o  metallacarbaboranes 
in vo lves  the reaction  o f  a carbaborane anion w ith  a metal halide 
reagent. In  th is  way, Hawthorne was ab le to  synthesise the dianion70, 
[Fe(C2B9H11 )2 J2 -, thereby g iv in g  r is e  to  a new area o f  synthetic 
chemistry.
The complex is  prepared by reaction o f  nido with Nidi
and FeCl2* The j£L s itu  abstraction o f  the b ridging hydrogen from the 
carbaborane by Nidi forms the dianion [CjB^H^ 1 ]2“ , which then reacts 
w ith  the FeCl2. The product was recognised as an analogue o f  
ferrocene from the iso la tion 71 o f  the re la ted  mixed sandwich complex 
I(n -C 5H5 )reC2B9H11 r ,  which was obtained by the add ition  o f  an
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equ ivalent o f  cyclopentadiene to  the o r ig in a l reaction  mixture
(thereby forming (C^H*.)-  on add ition  o f  NaH). Both o f  these F e ( I I )  
metallacarbaboranes can be e a s ily  and reve rs ib ly  oxid ised to  the 
F e ( I I I )  species, in  a s im ila r manner to  the ferrocene and ferricin ium
The X-ray crysta llograph ic structural ana lysis  o f  the mixed 
sandwich F e ( I I I )  complex, shown in  Figure 12, confirmed the structural 
analogy to  ferrocene, with one o f  the cyclopentadiene ligands being 
replaced w ith the iso loba l carbaborane dianion72.
Figure 12, Structure o f [ ( ^ C ^ ) F e )]
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By coordination to  the iron  a ton, the nido structure o f  the 
carbaborane anion is  completed to  g iv e  the cloeo  icosahedral 
metallacarbaborane. Since the metallacarbaborane product has the same 
polyhedral geometry (and e lec tron  count), with one more vertex 
occupied them in  the precursor the reaction  is  a polyhedral completion 
reaction .
As expected the ioosahedral structure is  d is to rted  due to  the 
longer Fe-B and Fe-C bonds compared to  the ske le ta l B-B and B-C bonds. 
Notably, the cyclopentadiene r in g  and pentagonal face o f  the 
carbaborane ligand are ec lip sed  in  the mixed sandwich complex, w h ils t 
they are staggered in  the binary product, (as acre the rings in 
ferrocene73) .
The is o la t io n  o f  these complexes confirmed the th eoretica l 
proposal made by Lipscomb74, that the bonding o rb ita ls  on the 
pentagonal fa ce  o f  the [B ^ H ^  ]2- and [C^B^H^ ]2_ anions were 
analogous t o  those o f  the cyclopentadiene anion in  metallocenes75, 
w ith the f i v e  sp3 o rb ita ls  d irec ted  to  the vacant vertex  (See Figure 13 ).
Binary carbaborane sandwich ocnplexes o f  a C r ( I I I ) 78, O o (I I I )77 
and N i ( I I I )78 were subsequently synthesised, having analogous 
structures t o  the symmetric staggered conformation o f  the 
(FetCjB^Bj^ ) 2 J2- complex79. An a lte rn a tiv e , 'S lipped ' structure was 
observed fo r  the d8 and d9 complexes Q i ( I I ) 00, Q i ( I I I ) 80, N i ( I I ) 00, 
M ( I I ) 81, A u ( I I )81 and A u (I I I )81. The d6 complexes o f  N i(IV )81 arxJ 
W (r v )  were found to  have a 'c is o id ' structure in  which the carbon 
atoms o f  the two ligands are  located on the same side o f  the complex, 
though s t i l l  staggered, as shown in  Figure 14.
Several theories have been proposed t o  explain the slipped 
structure, in  which the metal atom has an e lec tron ic  configuration
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Figure 13. Banding o r b ita ls  in
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g re a te r  than e ighteen . O r ig in a lly  a ttr ib u ted  by Wing80 t o  a change in  
bonding node fron  \ - 5  t o  the ‘■'1-3, subsequent comparisons to  the A g (I )  
and C u (I) d 10 benzene complexes were made by Hawthorne and Warren81, 
in  which the asynmetry o f  the LUMO o f  the metal and the HOMD o f  the 
ligan d  d isab les  Cg symmetry. More re c en tly , Weng82 suggested that the 
e x tra  e lec tron s  occupy antibonding M.O. 's  o f  the cage, a s itu ation  
which i s  compensated fo r  by a change o f  geometry. The systematic 
fo ld in g  o f  the car baborane face  has been observed and proposed by 
W allbridge e t  a l83 as the cause o f  the slippage.
The reaction  o f  an an ion ic carbaborane w ith  a  m etal halide 
complex has a lso  been success fu lly  app lied  to  o th er n ido  carbaboranes, 
as in  th e  preparation o f  the cobaltacarbaborane84' 85 [C3o(C2B7Hg )2 ]2- 
frcm CoCl2 and 1 ] 2” . In  the same way that the previous binary
complexes could be described as ocnroo-loosahedra l. the structure o f  
the complex85 (shewn in  Figure 15) i s  a ccmmo-bicapped square 
a n ti prism , fused a t  the equ atoria l cob a lt ve rtex . In  th is  instance the 
pentagonal face o f  the carbaborane ligan d  is  puckered. Two isom eric 
forms o f  th is  complex, namely the and 1 »G-Cj isomers cure formed
when using d i f fe r e n t  re flu x in g  so lven ts , w ith  a th ird  1 , 10- ^  isomer 
formed on heating the s o lid  to  315°C.
Figure 15. Structure o f [C b iC ^ H g^ ]-
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1 .5 .2 . »CBMJJIOKRB^BaWCS FHOt PCLYHSHAL PCPWSICH 
(Sng^CKZ GR OCMLaacngj).
The scope o f  metal lacarbaborane synthesis was substan tia lly  
increased with the d iscovery o f  the polyhedral expansion synthesis.
This synthetic route enables metal fracpnents to  be inserted  in to  closo 
carbaboranes to  y ie ld  c lo so -meta 1 lacarbaboranes with one more vertex  
than the precursor and two more sk e le ta l electrons, hence the term 
polyhedral expansion.
The synthesis invo lves two d is t in c t  steps, the f i r s t  o f  which is  
the reduction o f  the carbaborane w ith a strong base to  produce an 
intermediate nido carbaborane anion. In  the second step, reaction  o f  
th is  anion with an appropriate metal halide reagent generates a c loso  
metallacarbaborane and is  analogous to  the previously described 
synthesis. The inportant d if fe r e n c e  between polyhedral expansion and 
the previous synthetic route i s  that the intermediate nido carbaborane 
anion need not be is o la b le , o r  indeed, o ve r t ly  s tab le . The intermediate 
anion w i l l  not necessarily  conta in  any bridging hydrogen atoms, since 
i t  resu lts  from the opening o f  a c loso  cluster in  which on ly  terminal 
hydrogens are present. The inherent in s ta b il ity  o r  r e a c t iv ity  o f  the 
intermediate anion without such s ta b ilis in g  fa c ia l  hydrogen atcms may 
fa c i l i t a t e  reaction with the metal halide reagent used.
The cage opening v ia  c lu s te r  reduction that occurs as the f i r s t  
step o f  the polyhedral expansion reaction  is  thought to  resu lt from 
the addition o f  two e lectrons t o  an unoccupied molecular o rb ita l,  
causing a Jahn-Teller type d is to r t io n  to  g ive  the nido structure86' 87. 
This change in sk e le ta l geometry is  consistent with that implied by 
'Wades ru le s '* * . The resu ltan t carbaborane anion then reacts w ith the 
metal cation ic  fracpnent, redressing the e lec tron ic  balance by demoting
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the high energy e lectrons to  f i l l  the bending M.O. 's  o f  the polyhedron 
with one more vertex.
The f i r s t  reported example o f  a polyhedra l expansion reaction88 
involved the c loso  dicarbaborane C2B6H8 '  the structure o f  which is  
expanded by the insertion  o f  one or two c o b a lt  eyelopentadieny 1 
fragments. The structures o f  the precursor and resu ltant c lo so  
metallacarbaborane complexes are shown in  F igu re  16. The o r ig in a l 
dodecahedr a l structure o f  the carbaborane has been expanded to  the 
nine vertex capped tr igon a l prism in  the monocobalt product89 and the 
ten vertex bicapped square antiprism o f  the d io o b a lt  species90. This 
dioobalta complex was the f i r s t  example o f  a heteroborane w ith  a Co-Co 
linkage (246.9 pm). When the cyclopentadienyl ligand is  om itted frero 
the reaction , the ocrano metal lacarbaborane, [OoiC^BgHg^]- , is  
produced89.
TWo important u t il iz a t io n s  o f  the po lyhedra l expansion synthesis 
were rea lised  by Hawthorne, namely the a p p lica tion  to  iooeahedral 
carbaborane precursors to  y ie ld  th irteen  v e r te x  metallacarbaboranes 
w ith a so ca lled  1 supraloosahad ra l1 geometry, and the app lica tion  to  
raetallacarbaborane precursors to  system atica lly  produce homo- and 
hetero-dimetal lacarbaboranes.
The f i r s t  o f  these advances was accomplished by the polyhedral 
expansion o f  the iooeahedral c loeo  qH ^  t o  y ie ld 9 1 ' 92 
(tv-CjHj JOoC ^ qH ^» which has a cloeo  structu re93 with a dooosahedral 
geometry (1 :6:5:1 la y e rs ), the nldo carbaborane fragment having a 
s lig h t ly  puckered hexagonal open face.
The polyhedral expansion o f  th is  mono-metal lacarbaborane, 
carried  out in  an id en tica l manner to  the expansion o f  the neutral 
carbaborane, yie lded  amongst other minor products, the f i r s t  fourteen
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(TV-CsHjlOüCjBgHg
1 ) Sodium in  naphthalene 
2 ) CjH^Na* / CbCl2
( T W ^ i j O o ^ H a
Polyhedral expansion reaction  o f  C2BgHg
vertex  metal lacarbaborane , (V C 5H5 )2Oo2C2B.J0H12. A structure 
consistent w ith  the spectral data o f  the dimeta 1 lacarbaborane, as 
shewn in  Figure 17, is  a bicapped hexagonal antiprism, consisting o f 
two staggered 6 -membered Ç-B-B-B-B-p rin gs  capped by CoOl-C^H^) 
fragments. Various analagous fourteen v e r te x  cloao d im etalla- 
carbaboranes were subsequently synthesised and th e ir structures
ascertained by X-ray crystallography support the proposed structure,
95as exem plified  by the d i- iro n  tetracarbaborane species 
<^ C5H5>2F«2M04C4B8H8-
94
Figure 17. Proposed structure o f (^-CgHgJjCbjCjB^glljj.
The f i r s t  product Isolated from the systematic polyhedral 
expansion o f a metal lacarbaborane96 was the dimetal lacarbaborane 
Cn-CgHjJODjCjBgl^Q, previously identified as a minor product of the 
monooobaltacarbaborane preparation. The reduction step o f the reaction 
required three equivalents o f sodium naphthanide, the f i r s t  to reduce 
C b (III ) to C o (I I ) ,  the second and third fo r  the cage anion production.
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The o ften  complex range o f  products obtained from the polyhedral 
expansion reaction  i s  i llu s tra ted  by the insertion  o f  the Cb(VCgH-) 
fragment in to  CVCgHgJOoCjB^Hg. From th is  reaction s ix  products have 
been characterised89' 97' 98, including th ree isomeric octadecahedral 
d i-coba lta  products and an icosahedral tr i-o ob a lta  c lu s te r , a l l  
form ally expansion products. Another product, ) 2Co2C2B5H7
resu lts  from a combined c lu s te r  expansion and degradation, since the 
product contains one more cobalt atom and one less  boron atom than th e  
precusor. In  con trast, the analogous polyhedral expansion o f  
afforded amongst o ther products, the cobaltacarbaboranes (VCgHgJCbCjBgHg 
and (H.-CgHg^C^BgHg in  which there a re  more boron atoms than the 
precursor.
Hetero dimetallacarbaboranes can a lso  be prepared by polyhedral 
expansion99, as shewn by the reduction o f  (n-CgHgJOoC^Hg and 
reaction  w ith  F e ( I I )  t o  y ie ld  Pl-Cj.HgJjFeOoC^Hg. The octadecahedral 
eleven vertex  structure o f  th is  complex (Figure 18), shows the iron  
and coba lt atoms occupying s ix  and f i v e  coordinate positions w ithin 
the framework, a s itu a tion  Hawthorne ra tion a lis es  as r e f le c t in g  the 
e lec tron  d e fic ien cy  o f  the form ally d5 iron  atari compared to  the d6 
C o (I I I )  vertex .
Figure 18. Structure o f (»VCgHg^FeCoC^Hg
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The mono-carbon hetero bimetal lacarbaborane species 
(r\.-C5H5 )2NiCbCB7H8 obtained from polyhedral expansion o f  the 
ooba 1 tacarbaborane anion precursor [ (TV -C ^  JCoC^Hg ]~ , has the 
expected square-antiprism geometry1 , w ith  the metal atoms adjaoent 
in  an equatoria l la yer .
Another type o f  polyhedral expansion reaction  is  known in  which 
the in sertion  o f  a metal fragrant in to  the carbaborane i s  accomplished 
without an in t ia l  reduction step to  generate an open cage, the so 
ca lled  'Concerted polyhedral expansion '. The use o f  h igh ly 
nucleoph ilic  zero-va len t metal reagents enables in sertion  in to  the 
framework w ith a net transfer o f  e lec trons to  the cage, thus 
sa tis fy in g  the e le c tro n ic  requirements o f  the expanded geometry.
The f i r s t  metallacarbaboranes produced by concerted polyhedral 
expansion were the ioosahedral metallacababoranes1 01 *102 
cloeo - (PR j) PtM^CjBgHg prepared by the reaction  o f  the zero-va len t 
Pt<0) species, (FUFVtlgM e^], [P t tP E t^ j ]  and [Pt(PMe3 >2 (trana-stilb ene ) ] 
with c1osp-Mb-.C-.B^H .^ The structure o f  one o f  these products (as 
determined by X-ray crystallography103' 104) is  shown in  Figure 19, 
contrasting the octadecahedral and ioosahedral geometries o f  the 
precusor and product.
Cbnoerted polyhedral expansion has a lso  been applied to  a number 
o f  sm aller carbaborane precursors. The reaction  o f  
[P t (E «3 ) 2 (tra n s -s t ilb e n e )],  (R -  Me o r  E t) w ith c lo so - M e ^ B ^  
afforded  the expected c loeo  platlnaoarbaborane as the major 
product105. The structure o f  (Me.jP)2PtMe2C2B6H6 was found to  be a 
capped tr igon a l prian, in  which the hetero sk e le ta l atoms occupy a l l  
three tetra-hapto capping s ite s  (F igure 20)106.
Hetero-dimetal lacarbaboranes are accessib le  by polyhedral
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(EtjP ijPtM BjC jB jH j
Figure 19, Concerted polyhedra l expansion o f  Me^BgHg
Figure 20. Structure o f  (Me.jP^PtMejCjBgHg
expansion o f  cloao- metallacarbaboranes. The bimetallacarbaborane 
(«XDJCiVCgHglNiaoCjBgRjQ is  thus prepared107 iron the reac tion  o f  
N i « X » ) 2 w ith m.-C5H5 )COC2B8H10, ( O »  -  cyclo-acta-1 , 5 -d iene ) .
a m ) PM Q BfT CAKBABCRANES.
Meta 1 lacarbaboranes can a lso  be synthesised by the in sertion  o f  
metal fragments in to  nido or arachno carbaboranes. The n ido 
metallacarbaboranes iso la ted  by the reaction  with zero  v a len t metal 
complexes ind ica te that the reaction  is  accomplished by the 
replacement o f  a bridging hydrogen B-H-B on the open fa ce  o f  the 
carbaborane precursor. Since the ox idation  s ta te  o f  the m etal centre 
is  n ecessarily  increased on in sertion  in to  the B-H-B bond, the 
mechanism has been termed 'o x id a tive  in sertion '
The simple b ridging metalla species produced by the in i t i a l  
ox ida tive  add ition  to  a B-H-B bond i s  in  many cases not is o la b le  as 
such. Often subsequent rearrangement occurs to  g iv e  the arachno. nido 
or c lo so  metallacarbaborane product.
An example tha t illu s tra te s  both o f  these facets o f  ox ida tive  
in sertion  is  the reaction  o f  [P t2 (CDD) (P E t^ J  with (R -  H or
Ms)110. The p la t inacarbaborane is o la ted , >*-4,5-(EtjPjjPtH-CjB^Hg has 
the o r ig in a l nido c lu s te r  geometry w ith  a Pt(PEt3 >2 fragment inserted 
in to  one o f  the b ridging hydrogen bonds on the face o f  the carbaborane 
(Figure 21 . a ) .  In  th is  case the product o f  the ox ida tive  in sertion  is  
s tab le , p yro lys is  i s  required to  cause cage closure by the e lim ination 
o f  hydrogen to  y ie ld  the c loso -platinacarbaborane (F igure 21 .b )110' 111. 
The o v e ra ll reaction  is  therefore one o f  cage ocupletion, since the 
o r ig in a l nido carbaborane has been transformed in to  the id en tica l
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complete polyhedral gecmetry by in sertion  o f  the metal.
W h ils t nido metallacarbaboranes resu lt from the reaction  o f  d10 
n ickel and platinum species with nido carbaboranes, the use o f  Co(0) 
species produces cloeo  cages with automatic hydrogen lo ss112. Hence, 
the rea c tio n  o f  [Oo(PEt3)4J with the nido carbaboranes C^B^Rj 1 and 
CjBqHjj y ie ld  the expected completion products, the closo  
cobaltacarbaboranes (E t3P )2GoC2B7Hg and (EtjP^OoCjBgRjQ respective ly  
(F igure 22 ).
•  ) -4 ,5 -< Et3P ) 2PtH-C2B4H6 b) (E t3P )2PtJto2C2B4H4
Fiqure 21 . Products fron  a ) ox ida tive  Insertion  o f  P t(0 ) in to
RjCjB^Hg, (R -  H) and b ) product o f  p yro lys is , (R -  Me).
Figure 22. S tructu res o f  a ) (E ^ P ^ O o C ^ H g  
and b ) (E t3P )2Q3C2B#H10.
Figure 23, S tructu re o f  (E t3P )2NiMe2C2B7H9 
(Platinum analogue [ (E ^ P ^ P tM e jC ^ H g ] a lso  known)
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The ox ida tive  addition o f  N i(0 ) and P t(0 ) metal reagents in to  
arachno carbaborane cages a lso  y ie ld s  nido metal lacarbaboranes, as 
exem plified  by the reaction o f  [N i(PE t3)^ ] and [P t (s t i lb e n e )(P E t3)2 J 
w ith  1 to  g iv e  the isoetructura l (E t jP j jN U ^ C ^ H g  and
(E t3P )2PtMe2C2B7H9 ccnplexes113' 114. These products a r e  therefore the 
resu lt o f  a  p a rtia l cage completion, since the gross polyhedral 
geometry i s  unchanged though more fu l ly  defined . H ie i n i t i a l  o x id a tive  
in sertion , in  th is  case, is  reported114 to  occur a t  one o f  the 
sk e le ta l C-H bonds as deduced from spectroscopic observations, though 
th is  is  not evident from the structure o f  the f in a l product (F igure 2 3 ).
The reaction  o f  Oo(O) species w ith arachno carbaboranes 
s im ila r ly  resu lts  in  spontaneous cage closure, as observed fo r  the 
reactions w ith  nido carbaboranes. Thus the reaction  o f  arachno-CUB-.H^  3 
with Oo(PEt3 )4 produces the closo-oobaltaborane1 15  (E t3P )2 (H)CbC2B^Hg . 
This product is  s im ilar but not id en tica l to  that produced fran 
nldo-CUB-fHj 1. The bicapped square antiprism atic s k e le ta l  geometry is  
found in  both , but the presence and absence o f  a hydrogen attached t o  
the coba lt atom in  the former and la t t e r  re sp ec tiv e ly , manifest a 
d i f fe r e n t  d ispos ition  o f  the cobal t  phosphine ligands in  each case. 
Notably, the absence o f  the hydride in  the la t t e r  g iv e s  a d e fic ien t 
SE3? count f o r  the paramagnetic c lu s te r .
The o x id a tive  addition o f  Oo(PEt3 >4 in to  c lo eo  carbaborane 
precursors has been found to  resu lt in  polyhedral expansion. The 
oobaltacarbaboranes (EtjP^OoCjBjHg and (E tjPJ jO O O oC ^H g have been 
prepared from CjBjHj  and C^BgHg respec tive ly112. The absence and 
presence o f  a Cb-H function is  a lso  observed in  these oonpounds.
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1 .5 .4 .
Polyhedral contraction reactions o f fe r  a route to  smaller 
metallacarhaboranes from la rg e r  clusters. Hie degradation is  normally 
induced by the use o f  a strong base, which removes a sk e le ta l boron 
atom to  y ie ld  an intermediate anion. An ox id is in g  agent is  then used 
to  e f fe c t  cage closure.
The base degradation o f  c loeo  (VC^JCoC^Bgft, 1 resu lts  in  the 
removal o f  one boron vertex  t o  y ie ld  ^-CgHgJGoCjBgH^116. However, 
in s ta b il ity  o f  the interm ediate carbaborane anion can lead to  
extensive cage degradation as in  the preparation o f  [ (rv-CgHgiGoCB^Hg J”  
(Figure 24) where the degradation resu lts in  the loss o f  one carbon and 
three boron atoms117.
Figure 24, Polyhedral contraction  o f  (VCgHg) CbC^B, gft, 2.
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fragment c lu s te r  anion with one o r  more boron atoms removed (compare 
with polyhedral contraction ) is  fo llow ed by the introduction o f  a 
su itab le metal halide reagent thereby enabling replacement o f  the
e jected  boron atom with a metal fragment, ra ther than cage closure by 
oxidation, as in  contraction reactions.
The supraicosahedral dimetallacarbaborane (VCjH^OoFeC^BgH^ 
vbs prepared by polyhedral subrogation118. Under s im ilar conditions, 
the hcno-tri-m etallacarbaborane [Co( (T ^ -C ^ ÏOoC^BgH^ )2 ]~ was 
iso la ted . The proposed chain l ik e  structure o f  th is  complex is  shown 
in  Figure 25.
The synthetic routes to  metallacarbaboranes discussed so fa r  
have been successfu lly employed in  a wide range o f  carbaborane systems 
whereas the fo llow in g  methods, are r e la t iv e ly  le s s  w ell proven.
TNno approaches to  the preparation o f  metallacarbaboranes by 
thermal reactions have been pursued. The p y ro ly s is  o f  a meta 1 lacarbaborane 
under vacuum has y ie lded  new dimetallacarbaborane complexes by 
polyhedral expansion. The f i r s t  exanple o f  the so ca lled  'Thermal 
mrt. 1  t r a n » f . r 1 ru c t io n " 9 . ffon ta d  w cngat othmr product», th . 
ioosahedral bimetal lacarbaborane fVCgHg JQOjCjBgllj Q from the pyrolysis
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Figure 25. Polyhedral subrogation o f  (T\rC5H5 )CoC2B10H12.
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Figure 26. Structure o f  O V -C ^  JCbjCjB^Hj Q synthesised 
by thermal metal transfer.
p y ro ly s is  o f  the octadecahedral monometallic precursor (TV-C^ )CtoCjBgFLj Q.
An a lte rn a tiv e  approach demonstrated that therm alisation o f  
c lo eo  carbaborane residues enabled reaction  with metal reagents to  
g iv e  new metallacartoaboranas by polyhedral expansion. In  th is  way 
Stone e t  a l 1 20 were ab le to  synthesise ( ood ) NiMe2C2BgHg from the 
p y ro ly s is  o f  1 »S-tMe^CjBgHg and N i(ood )2.
S im ila rly , Grimes e t  a l 121 iso la ted  the expected expansion 
product o f  the thermolysis o f  and Fe(CX))5, though in  th is  case
the major product resu lted  from polyhedral subrogation (Figure 27).
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Pe<00)5
< W *7  ----------> (OD)3FeC2B4H6 ♦ (0 0 )3FeC2B5H7
Figure 27. Gas phase subrogation and expansion o f  .
Metallacarbaborane synthesis by simultaneous in sertion  o f  a 
metal and carbon atom in to  a borane framework was f i r s t  observed by 
M eutterties e t  a l 122, in  the reaction  o f  th e  decaborane anion 
[Biq Hjj ] -  and Mo(CO)g. The product [ ((X>3MoC(O)OCB10H10]2_, had been 
formed by incorporation o f  a molybdenum carbonyl fragment and a 
carbonyl group in to  the framework. The la t t e r  forms an exo-polyhedral 
r-Mo.C(O) .O.C-i r in g  w ith a metal bound carbonyl (F igu re 28 ). Sim ilar 
chromium and tungsten ocnplexes have a ls o  been iso la ted  using the 
respective metal hexacarbonyl reagents.
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Metallacarhaboranes have a lso  been prepared d ir e c t ly  from the 
thermal reaction  o f  metallaboranes and alkynes, though these routes 
are  a t present v e ry  lim ited . Grimes e t  a l 123 adapted the reaction  o f  
BgHg and ethyne t o  the combination o f  )OoB5Hg and alkynes to
g iv e  cobaltacarbaboranes with the general formula (T^-CgHgJCbRjCjB^.
A d if fe r e n t  approach to  metallacarbaborane synthesis employs the 
metal atom technique, which had previously been demonstrated t o  be a 
su itab le  route t o  otherwise inaccessib le organcroetallic species124.
The p rin c ip le  o f  the adapted method is  the co-condensation o f  
therm ally generated metal atoms with a borane c lu s te r  and an alkyne to  
produce metallacarbaboranes. The f i r s t  such reaction125, using cobalt 
metal, B^Hg and bu t-2-yne y ie lded  a mixture o f  mono and d i c loso  
cobaltacarbaboranes.
MeOCHe } Go
« s « »  -----------------------
Figure 28. Structure of [<a>3MoC(O>oai10Hl0]2".
< ' - W a ’H*2c 2B« H«
« ^ H5 »20d2 * 2 C2B3H3
a lso  Iso la ted  as minor products. Including (i\6-PhMe)FeMe^C^B^H  ^ and 
(T|L-CgMBg)FeMe4C4B3H3, the structures o f  which are shown in  Figure 29.
The former was found t o  have a nldo decaborane l ik e  structure, wh ilst 
the la t t e r  contained an arachno cage w ith  the iron  atom in  a pentahapto 
capping ske le ta l p os it ion , coordinated to  a CCRBB rin g . The very  short 
bond between the remaining two sk e le ta l carbon atoms, 139.2 pm implies 
a m u ltip le  bonding character.
Subsequent research 127 shewed that metallacarbaboranes could be 
prepared under analogous conditions from B^Hg and Bgftjg, w h ils t use o f
B1 QH14  afforded128 th e  closo oobaltaborane (T^-CgHgjaoB^I^Q.
Flgur. 29. StructurM o f  . )  ( -PW I.)
*nd b ) (r f-C eH.6 )FaM>4C( B3H3.
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The carbaboranes and metallocarbaboranes described In the 
previous sections i l lu s t r a t e  two important e f fe c ts  o f  the 
incorporation  o f  carbon atoms in to  the skeleton  o f a boron hydride 
framework. F irs t ly , carbon atoms tend t o  occupy ve r t ic es  o f  low 
coord ination  when possib le1 ^ ' 1 ^ f th is  e f fe c t  normally 
p os itions  the carbon atom an the open fa ce  o f  the fragment clusters or 
a t a leer coordinate capping position  in  the closo species.
Cnak3 has noted that the preference fo r  low coord ination is  
re fle c te d  in  the r e la t iv e  s ta b i l i t ie s  o f  carbaborane isomers. Hence, 
in  the pentagonal bipyramidal CJBJUy, a change in  coordination o f  a 
carbon atom from an equatoria l f iv e  coord inate position  t o  an apical 
s ix  coord inate position  has been ca lcu la ted 1 3® to  increase the 
molecular energy by -  200 KJ mol"1. A s im ila r  d es tab ilisa tion  o f 
40 -  150 KJ mol 1 is  estim ated fo r  four find f iv e  coordinate carbon in  
the va riou s tr igona l bipyramidal iseiners.
A r in g  capping theory has been proposed131 which suggests that 
because o f  o rb ita l constra in ts the CH fragment is  favoured as the cap 
on three and four raembered rin gs , w h ils t th e  BH f  ragman t  i s  more 
su itab le  f o r  capping f i v e  rasrabered r in gs . Thus, the s ta b i l i t y  o f  the 
CjBjRj isom ers is  pred icted to  be in  the o rd er 2,3 > 1,2 > 1,7 as 
discussed above. Far the ioosahedral c lo so  carbaboranes, where the 
synmstry o f  the clu ster i s  such that each and every atom caps a 
5-membered rin g , the capping p rin c ip le  breaks down. Other carbaborane 
c lu sters  sure known where the ske le ta l carbon occupies a high 
coord ination  vertex, though other lower coordination s it e s  are 
a va ila b le , such as the octadeoahadral c lo s o - [CB^H^ 1~ . in  which the 
carbon i s  7-coordinate.
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Another feature o f  carbaborane clusters containing more than one 
carton atom in  the framework i s  th e  preference fo r  mutual separation .
A d iffe ren ce  in  s ta b i l i t y  o f  60 KJ mol-1 between the 1,2 and 1 ,6  
isomers o f  C^B^Hg may r e f le c t  t h is  propensity, s in ce there is  
exclu sive 5-coordination in  th is  c lu s te r . The rearrangement o f  the 
1 , 2-  isomer to  the 1 ,6-  isomer has been experim entally observed.
A simple ru le  fo r  the p red ic t io n  o f the p o s it ion  o f 
e le c tr o p h ill ic  o r n u c leoph illic  subtitu tion  a t boron atoms w ith in  
c lu s te rs  has been derived from th e  wealth o f M.O. ca lcu lations on 
cartaaborane c lu sters132. This r u le  enables a very  approximate r e la t iv e  
e le c tron ega tiv ity  to  be assigned t o  each boron atom w ith in  the c lu s te r  
by means o f  the fo llow ing s in p le  dictum; The negative  charge on a 
boron atom decreases on bonding t o  higher numbers o f  carbon atoms and 
fo r  coordination to  a given number o f  carbon atoms the negative charge 
decreases with higher coord ination .
The ske le ta l carton atoms a r e  generally the most e le c tro p o s it iv e  
atoms o f  the carbaborane130' 133' 134, contrary to  tha t expected from 
the normal e lec tronegativ ies  o f  boron and carton. Increased e le c tr o ­
p o s it iv it y  accompanies increased coordination o f  the carbon atom.
The bridging hydrogens o f  fragran t carbaboranes jure located 
between boron atoms on ly. To da te  no d iscrete B-H-C o r  C-H-C bridges 
have been id en t if ie d . Another fe a tu re  o f  the carton atom incorporation 
in to  borane clusters is  exh ib ited  by the tricarbaborane closo-CjB^H^. 
This compound t8 unique because one o f  the carton atoms is  without a 
terminal hydrogen, the so ca lle d  'naked carbon'61' 62. In  view o f  th is  
the high flu x lo n a lity  observed in  i t s  n.m.r. spectra is  not supris ing.
The incorporation o f  tra n s it io n  metal atoms in to  the framework 
o f  carbaborane (o r  borane) c lu s te rs  by the synthetic methods p reviously
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ou tlined  usually  y ie ld s  products that have the po lyhedra l 
structures that a re  re a d ily  predicted from the SEPT. In  seme cases 
unexpectedly open structures are observed, as noted e a r l i e r  fo r  the 
's lip p ed ' ioosahedral carbaborane d er iva tiv es  [MiC^BgHj 1 ) 2 ]n-4 o f  the 
la te  tra n s it io n  metals, i . e .  where M = N i ( I I )  and A u ( I I I ) .
Examples o f  interm ediate s iz e  metallacarbaboranes with 
unexpectedly open nldo structures were synthesized b y  Stone e t  a l 105 
using P t (0 )  reagents. Thus, in  add ition  to  the expected  closo  product 
obtained from the polyhedral expansion o f  Me^BgHg th e  isomeric minor 
product (E t3P )2PtMe2C2BgHg was a lso  is o la ted . This product was found 
to  have the gross tricapped tr igon a l prism atic s tru c tu re 1 35 predicted 
iron  the c lo so  SEP count. The platinun atom occupies a  pentahapto 
pos ition  as a ve rtex  o f  the tr igon a l prism (Figure 3 0 ).  The diamond 
face  B (7 ).C (8 ).B (9 ).P t (6 ) was however found to  have a  non-bonding 
d istance between the boron atoms (d e fin in g  an edge o f  th e  basic 
tr ig on a l prism ), g iv in g  a d is to rted  open framework and was therefore 
denoted as a nido c lu s te r .
Figure 30. Structure of (EtjPijPtMejCjBgHg
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The analagous reaction  o f  [Pt(PEt3 )2 (trans-stilb ene) ] ,  with 
c lo so  (R -  H o r  Me), afforded only a s in g le  product123'  124.
The structure o f  (E t-jPJjPtM BjC jB^ as determined by X-ray 
d iffra c t io n 13®, showed s im ila r  non-bending interactions g iv in g  
d is to rtion s  from the expected square antiprism atic geometry.
A suggested ra tion a le  fo r  these observed nido structures 
involves the adoption o f  a 16 e lectron  configuration o f  the P t ( I I )  
species. Stone1 37 fu rther suggests that in  the nido platinacarbaboranes, 
on ly two molecular o rb ita ls  o f  su itable energy and orien ta tion  are 
ava ilab le  fo r  c lu s te r  bonding as opposed to  the three required fo r  
complete incorporation in to  the closo framework.
In oerparison to  the open nido square antiprism atic structure o f 
the platinacarbaborane noted e a r l ie r ,  the diferracarbaborane1 38 
Cil-CgHgJjPejCjBgHg has a fu l l y  triangulated c loeo  structure that is  
gross ly  d istorted  iron  the expected square antiprism atic geometry 
(F igure 31). Of two iron  atoms one caps a s ix  membered chair 
conformation face (C.B.C.Fe.B.B) . This compound has 'n ' SEP's 
a va ilab le  fo r  bonding in  the framework rather than 'n+1 ' required fo r  
a normal cloeo  structure s in ce each (tCgHg)Fe fragment only 
contributes one e lec tron . Th is type o f structure has been designated 
the t i t l e  1 hyper-cloeo* by Hawthorne e t  a l138f139, another example 
being the ruthenacarbaborane (E t3P )2RuC2B7H9.
More recen tly  seme analogous metallaborane clusters w ith sim ilar 
structural deviations have been prepared by Greenwood e t  a l1* ^ '1*1. 
who has assigned to  them the term ' lso -c lo eo ' . The tan vertex  cxaqpound 
[HtPIhjHPhjCgH^JIrtBgHg)] f o r  example has a s im ila r structure to  the 
previously noted ruthenacarbaborane (see Figure 31) •
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F igu r« 31 Stueture o f  the ' is o -c lo s o ' metal Laborane 
[ H i P R i j )  ( P h j C g ^ i l r i B g H g ) ]
In ad d ition  to  the iao -c lo eo  ten vertex  structure, Greenwood e t  a l 
have a ls o  iso la ted  nine vertex  c lu sters  with 'n ' SEP counts and unusual 
iso -c lo so  type structures, an example o f  which is  the irldaborane 
(PMe3 )2HIrBgH7C l. I t  has been suggested by Kennedy142 that in  order to  
achieve the higher connectiv ity  in  the lso -c lo so  c lu s te rs  the metal 
a tan must contributes a fu rther o rb ita l fo r  sk e le ta l bonding, g iv in g  
four in  t o t a l .  Baker1 43 on the other hand p re fe rs  to  ra tion a lis e  the 
structures in  terras o f  the Mingoe capping p r in c ip le35. The controversy 
regarding the description  o f  the bonding in  these hyper-cloeo and 
iao -c loeo  c lu s te rs  has recen tly  been focused upon by Mingos e t 
a l144, who have applied S tone's 'Tensor Surface Harmonic Theory' 37 to  
the ten v e r te x  geometries. The resu lts  o f  these ca lcu lations favoured 
the hyper-c loeo  model adopted by Baker and d id  not support the proposed 
con tribu tion  o f  a fourth metal atomic o rb ita l f o r  sk e le ta l banding.

There is  considerable current in te res t in  the formation and 
properties o f  c lu s te r  molecules, and in  pa rticu lar the rearrangement 
reactions undergone by such molecular frameworks. One way to  study 
such rearrangements is  to  labe l the framework w ith  a substituent atom, 
fo r  example by substituting a sk e le ta l boron atom with a s in g le  carbon 
atom. These mono-carba-baranes have obvious advantages over 
d isubstitu ted species, since the presence o f  on ly one hetero atom 
enables i t s  pos ition  in the cage to  be more e a s ily  determined 
subsequent to  reactions in which rearrangement occurs.
An add itiona l a ttraction  o f  the monocarbabaranes is  the fa c t  
that they have been much less extens ive ly  studied than e ith e r  the 
boranes or dicarbaboranes as alluded to  in  Chapter 1. Transition  metal 
d e r iv a t iv e s * * '1*^ , in  particu lar those o f  intermediate s ize  
monocarbaboranes, are s im ila rly  less numerous. The main o b je c t iv e  o f  
the p ro ject was therefore to  prepare a number o f  novel m etalla- 
carbaboranes from these mono carbon substituted borane frameworks, the 
characterisation  o f  which could p o ten tia lly  elucidate novel features 
o f  the c lu ster reaction mechanisms. In  order to  achieve the desired  
g oa l, the in i t i a l  work necessarily concentrated on the preparation o f  
the required precursor monocarbaboranes.
The carbaboranes o f  in i t ia l  in terest were the nine, ten and 
e leven  atom monocarbaboranes produced from the reaction o f  decaborane 
and the cyanide ion (See Figures 10 and 3 2 .). This reaction introduces 
a s in g le  carbon atom in to the decaborane framework to  y ie ld  two 
products, one o f  which, (Ne^N)CB^Ii| ^ , has suffered the removal o f  a
1 ) Subrogation and expansion
1) o r
0101,14 T T V  * 6^ #to3"6-Œ9H11 ♦  7- t#te3-7 -<B1 0H12 
3) Me2S04
2 ) De-amination
6- » t o 3 -€-CB9H11
3) Cage degradation
[ a y i ^ r
1 ) tfa / NHj ( l i q )
2) MeOH / HjO
F e d  ,  / H*
---------- * “ 8*14
Figure 32. Preparation o f  carbanonaborane (14) from decaborane (1 4 ).
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sk e le ta l boron a ten. Subsequent de-ami nation and cage degradation o f  
th is  subrogation product y ie ld s  carbanonaborane (14 ), CBgH^. This 
arachno monocarbaborane was o f  particu lar in terest because o f  i t s  open 
polyhedral structure, intermediate s iz e  and poten tia l r e a c t iv ity  
towards organaneta 11 i c  reagents. Since on ly  closo c o b a lt , 
n ick e l148' 147 ' 148 and irid ium 149 d er iva tives  o f  carbancnaborane (14) 
and a s ing le  nido platinum d er iva tiv e 1 5 0 ,15 1 held been previously 
synthesized and reported, e f f o r t  was exc lu s ive ly  focused on the 
tran s ition  metal chemistry o f  th is  carbaborane.
Prelim inary studies on the preparation o f  these intermediate 
s iz e  monocarbaboranes5' 44' 45' 149, fa i le d  to  id en tify  the precise 
reaction  conditions and subsequent work-up procedures. In  addition , 
though structures o f  the intermediate products have been proposed, 
they remain ten ta tiv e  and without assignment o f  the resonances in  the 
11B n.m.r. spectra. The in i t i a l  ob je c tiv e  o f  th is  work was therefore 
t o  optimise the y ie ld s  o f  the monocarbaborane products from the 
reaction  o f  decaborane, estab lish ing unequivocally the sk e le ta l 
structure o f  each c lu s te r  with assignment o f  the resonances in  the 11B 
n .m .r. spectra where poss ib le .
As a resu lt o f  the work carried  out on the preparation o f  
CBgft^, carbanonaborane(1 4 ), the y ie ld s  o f  intermediates have been 
optim ised as fa r  as possib le  and the preparation s im p lified  by 
removing the need to  ca rry  out an exhaustive chromatographic 
separation. Most o f  the iso la ted  intermediates have been characterised 
by two dimensional ( 2D) n.m .r. spectroscopy. The anion [CBgH|3]~  has 
a ls o  been prepared by reaction  o f  the parent carbaborane w ith lithium 
a lk y l reagents and s im ila r ly  characterised by 2D n.m .r. spectroscopy.
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2. 2 ,
2 .2 ,1 . B M O a S M  OF P lo t  C «>B C »W e(14 ).
H ie  f i r s t  stage o f  the preparation o f  carbancnaborane (14 ) is  the 
p reparation  o f  the monocarbaborane e-Hte^-6 -CBgH  ^1. This carbaborane 
vas prepared as a m ixture with 7-iWe3-7-CB10H12 in  the fo llow in g  way5. 
Decaborane (14) was d isso lved  in  an aqueous solu tion  o f  sodium cyanide 
to  y i e l d  a solution contain ing the [ 6-NCB1 qH, 3 ] “  anion. Treating th is 
s o lu t io n  with hydroch loric acid produced a mixture o f  two amino- 
carboranes which were subsequently methylated using Me2S04 and 
is o la te d  to  y ie ld  the mixture comprising 6-fWe3~6-CBgH1 ^  and 
7 - » te 3 -7-CB10H12(see Figure 32 a id  below ).
* 1 * 1 4  ♦  7-Wte3 -7-® 1 0 H12
3) Me2S04
Of th e s e  two carbaboranes the f i r s t  is  required to  undergo fu rth er 
rea c tio n  to  y ie ld  the monocarbabarane CBgH^, w h ilst the la t t e r  CB^g 
carbaborane is  a le s s  d esirab le  product. I t  i s  therefore advantageous 
to  be ¿dole to  force the ra t io  o f  the two carbaboranes obtainable from 
the re a c t io n  o f  decaborane(14) towards the production o f  the 
subrogated CBg carbaborane.
In  several experiments using acid  concentrations ranging from 
4 M t o  12 M the y ie ld  o f  product mixture was always found to  be in  the 
range 21 -22g iron 20g o f  decaborane (14 ). The y ie ld s  obtained had 
th e re fo r e  to  be in  the range 67-74% based on decaborane used. The 
lover pess im istic  f ig u re  i s  calculated assuming the mixture i s  only
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Figure 33. Typical 11B n.m .r. spectra o f  mixtures o f  6-NMe3- 6-CBgH11 
and 7 -NMe3~7 -CB^QBj2 °*3taine<  ^ from cyanide treatment o f  
decaborane (1 4 ).  Ratios found in  these examples to  be 
a ) 1.1 s 1 and b) 3.2 : 1 fo r  CBg :CB10 re sp ec tive ly .
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NMe^-7-CB  ^qR, 2 wh ilst the higher and optim i S t ic  figu re assumes on ly  
Wte3CB9H11 to  be present in  the mixture.
Calculation o f  the ra t io  o f  the two products was conveniently 
obtained from comparison o f  the in tegra ls  f o r  the unique peaks o f  each 
acnponent in  the 128.8 MHz 11B n.m.r. spectrum o f  the mixture. W hilst 
th is  appears to  re ly  on p r io r  knowledge o f  th e  pattern o f  the n.m .r. 
spectrum fo r  each component, (information a v a ila b le  from the 
lite ra tu re5' 44) i t  is  a lso  accessib le from th e  re la t iv e  changes in  
in tensity  o f  the various resonances from d i f f e r in g  mixtures obtained 
as seen by comparing the spectra shewn in  F igu re  33. I t  should be 
noted that the v a lid ity  o f  the measurement o f  the ra tio  o f  the two 
components in  th is  way was confirmed to  be appropriate by 
chromatographic separation o f  such reaction  mixtures and subsequent 
component quantification  and id en t if ic a t io n .
C on flic tin g  reports o f  the ra t io  o f  th e  monocarborane products 
obtained are given  in  the lite ra tu re5' 44. The molar ra t io  o f  the 
products, I#te3CB9H11 S NMejCB^Rjj is  reported  by K. Base e t  a l 5 and 
W. Knoth44 as 1 : 2 and 7 : 3  resp ec tive ly . In  the former case 'd i lu te  
ac id ' was used, whereas in  the la t te r ,  12 m olar hydrochloric ac id  was 
used in  the work up. Since the formation o f  bWe-jCBg^ 1 involves the 
removal o f  a sk e le ta l boron atom by a degradation  reaction one might 
expect higher acid  strength to  be favourable. Preparations ca rr ied  out 
using varying acid  strength (4 molar t o  12 m olar) have shown no 
corre la tion  between fWe3CBgH11 y ie ld  and a c id  strength.
The most important factors e f fe c t in g  th e  ra t io  o f the CBg and 
CB^q products were found to  be reaction temperature and time. The 
optimum y ie ld  o f  G-NMe -^S-CB^H  ^^  was obtained i f  the work-up was 
carried  out w ith in  the fo llow ing way;
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1) Cool the 8 molar acid  in  an ice-bath to  5°C.
2) D rip the aqueous [ 6-NCB^H^3] _ in to  the acid  solu tion  
so lu tion  with s t ir r in g  over a period o f  one hour.
3) S t i r  fo r  a t least a further hour allow ing the so lu tion  to  
equ ilib ra te  to  room temperature and to  ensure complete 
reaction , (Indicated by to ta l  absence o f  gas evo lu tion )
Under these conditions the ra t io  o f  two carbaborane products 
t* te3CB9H11 s NMe3CB10H12 was found to  * *  3*2 * 1 .0 . This represents a 
to ta l product y ie ld  o f  73% and a s e le c t iv it y  to  the CBg d e r iv a t iv e  o f  
56% based on decaborane consumed. These find ings obviously confirm  
and indeed improve upon the find ings o f  W. Knoth. This ra t io  o f  products 
is  nearly  the reverse o f  the 1 : 2 ra t io  quoted by K. Base e t  a l  
suggesting a fundamental d iffe ren ce  in  work-up time o r  temperature.
The noted s e n s it iv ity  o f  the reaction  to  duration o f  work up 
time ind ica ted  that the CBg product may a r is e  fran  the stepwise 
degradation reaction  o f  the CB1Q product rather than from a concerted 
carbon in sertion  and boron e je c tion  reaction . This does not however 
seem to  be the case, as prolonged acid  treatment o f  the resu ltan t 
mixture does not fu rther improve upon the CBg product y ie ld .
As noted e a r l ie r ,  o f  the two carbaborane products » t e 3CBgH11 and 
MtB3CB10H,2 , on ly  the former is  required fo r  subsequent reaction  to  
u lt imate ly  y ie ld  CBgH^. Hence, separation o f  the two components is  
requ ired. The use o f  solvent extraction  as a method o f  separating the 
two monocarborane products was unsuccessful due to  sim ilar 
s o lu b il i t ie s  in  a range o f  so lvents. Separation by vacuum sublimation 
a lso  proved unsuccessful.
The separation o f  the two components is  noted5 by K. Base e t  a l  
to  be achieved using 'dry oolum  chromatography on s i l i c a  g e l  in
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d ichlorcmethane' .  The separation o f  the two components o f  the 
monocarborane product mixture was in  fa c t  achieved only by very 
lengthy and d i f f i c u l t  fla sh  column chromatography on s i l ic a .  The best 
method fo r  achieving th is  was to  preload the column with the mixture 
adsorbed onto 40% o f  i t s  weight o f  s i l ic a .  With reasonably large 
column loadings, seme lo ss  o f  resolu tion compared to  using a solution 
was observed, though g rea t ly  improving the amount o f  mixture that could 
be separated in  one experiment. Thus 10.6  g  o f  a product mixture 
shewn by n .m .r. spectroscopy t o  be a 2.3 : 1 mixture o f  NMejCBgH^ and 
gltj2 was separated to  g iv e  a 4.7 g  and 0.8 g  o f  the pure 
compounds resp ec tive ly . Only 2 « o f  the m aterial was unaccounted fo r  
with the remainder recovered as a middle unseparated fraction .
Assuming th is  fra c tion  to  be approximately 50:50 in  composition, the 
chromatographic separation confirms the n.m.r. analysis o f  the mixture 
composition.
The 11 B{ 1 H> n.m .r. spectra  o f  1 and
obtained are  comparable, tak ing in to  account d ifferen ces  in  chemical 
s h if t  due t o  d if fe r e n t  so lven ts , to  the l ite ra tu re  values5' 15* .  None 
o f  the reported resonances have been assigned to  boron atoms in  the 
proposed structures, in  both cases. For a 2D 11B -  11B COSY
n.m .r. spectrum was obtained and a complete structure -  11B n.m.r. 
resonance assignment obtained. A 2D study o f  NMe3CBgH11 was not undertaken 
in  preference fo r  a study o f  the parent carborane anion The
n.m .r. studies o f  these carbaboranes are discussed in  Section 2.3.
[Cautionary note : In  the preparation discussed i t  is  imperative 
to  ensure that only KDH so lu tion  o f  less them 20% concentration is  
used to  d is so lv e  the d iax inate  intermediates otherwise a dramatic f i r e  
can occur (see  Experimental Section  5.1 .2 )1 .
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2 , 2 , 2 ,  a s m o t n c H  c r  6- w
The treatment o f  NMe3<ZBgH^   ^ w ith  sodium in  liq u id  ammonia gave 
cn methanolysis the [CBgH^]“  anion, which was iso la ted  as the 
tetramethylarmcnium sa lt  as reported in  the lite ra tu re^ .
1) Na / NH, ( l i q )
------- *  <CB9H121'
The y ie ld  o f  the anion ( 86%) and the 11B{1H) n .m .r. spectrum obtained 
were cxxrparable to  that reported. Disagreement about the structure o f  
the anion noted in  the lite ra tu re  has been r a t i f i e d  by a 2D n.m.r. 
study (Section 2 .4 ) which has provided the complete 11B n.m.r. 
resonance -  structure assignment.
The preparation o f  [OBgR^]”  from l*te;jCBgH11  requires lengthy 
chromatographic separation to  ob ta in  the s ta r t in g  m aterial as ou tlined 
in  Section 2.2.1. This stage o f  p u r if ic a tio n  has been found to  be 
unnecessary.
Previously reported work44 has shown that treatment o f 
'**, 3CB10H12 with sodium in  tetrahydrofuran resu lts  in  the removal o f  
the exo-polyhedral amino group, w h ils t s im ila r treatment o f  » t e 3CBgH11 
resu lts  in  cage closure to  g iv e  c lo e o - tCB^Kj Q]~ . The de-amination o f  
i#te3CBgH11 to  y ie ld  the nldo-FCB^H^l" is  successfu l under the m ilder 
conditions^ o f sodium in  liqu id  ammonia. I t  th ere fo re  seemed l ik e ly  
that under the milder conditions NMs^CBj qRj 2 would be e ith er slow in  
reaction  or to ta lly  unreactive.
Using the mixture o f  carbaboranes from the decaborane / CN- 
reaction , de-amination o f  MMe3CBgH11 by treatment w ith  sodium in  
liq u id  armonia yielded as expected the [CBgR^]-  anion w hilst the
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larger aminocarbaborane NMe^ CB^  qHj 2 remained unreacted. Hie s o lu b il i t y  
o f  the product anicn in  water and in so lu b ility  o f  NMe-jCH^H^ enabled 
easy removal o f  the aminocarbaborane in  quan tita tive  amounts and 
iso la tion  o f  the product. This preparation a lso  enables confirmatian 
o f  the ra t io  o f  the two components o f  the o r ig in a l aminocarbaborane 
mixture by measurement o f  the iso la ted  aminocarbaborane.
Recently, the Czech group o f  workers that o r ig in a l ly  synthesized 
carbanonaborane (14 ), CBgH^, published a method154 f o r  the is o la t io n  
o f  NHgCBgfij 1, noting that work on th is  carhaborane had been hindered 
by the tedious chromatographic separation o f  the methylated 
d e r iva tives . The method described involves the reaction  o f  NH3CB9HJ1 
with acetone in  the presence o f  hydrochloric acid  to  form the 
isopropylidene d e r iva tiv e  6-Me2ONH-6-CB9H11 which i s  water soluble. 
The la rger CB1Q amino carbaborane does not react, and being inso lub le 
in  water is  e a s ily  separated from the mixture. The isopropyl idene 
d e r iva tive  then y ie ld s  the aminocarbaborane on treatment with d ilu te  
solutions o f  potassium hydroxide and hydrochloric a c id . Both th is 
method and that described e a r l ie r  can be used to  ob ta in  pure [CBgH^J“  
fo r  use in  the preparation o f  carbanonaborane(14). W hilst the former 
isopropylidene method is  p referab le  when the CBg aminocarbaborane i s  
required, as f o r  the iso la tion  o f  other 6- 1^ 6-CBgh, 1 d e r iva tiv es150, 
the la t te r  is  p referab le  fo r  the preparation o f  carbancnaborane (14) 
because o f  the s im p lic ity  o f  the procedure.
i l l » ? .  raPARATK* OP F io t  i c a ^ 2 r .
Hie carbaborane CBgH^ was prepared by reaction  o f  NalCBgR^] in  
an a c id ic  solu tion  o f  FeCl^ as described in  the l ite ra tu re 5. Hie 
product was iso la ted  by extraction  in to  a hydrocarbon and pu rified  by
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vacuum sublimation,
*•0 .3  / H"
-  CB8H14
The y ie ld  o f  product obtained varied from 13% to  31% based on the 
decaborane(14) used, considerably less  than the 80% quoted in  the
slow add ition  o f  the a c id ic  FeCl^ so lu tion , ex traction  in to  pentane 
and rap id  drying o f  the extracts over anhydrous MgSO  ^ gave the best 
y ie ld s . I t  should be noted that during vacuum sublimation o f  the 
product, i t  is  im perative to  ensure that a l l  traces o f  water have been 
removed and glassware jo in ts  are completely a ir - t ig h t ,  otherwise a 
rapid hydrolysis/oxidation reaction occurs which is  accompanied by a 
blue fla sh  o f  l ig h t .  In  these cicumstanoes, a s ign ifica n t proportion 
o f  the product may s t i l l  be redeemable since the degraded product 
forms a layer over underlying carbanonaborane (1 4 ), which with care can 
s t i l l  be pu rified  by sublimation.
The 11B and 1H n.ra.r. spectra obtained fo r  carbanonaborane(14) 
are in  agreement with the reported chemical s h ifts 5. Assignment o f 
resonances in  both spectra  were made from the resu lts  o f  2D n.m.r. 
studies (see Section 2 .3 ) .
2|i.4t iqys3r  no* q y w
In  preference t o  the litera tu re  preparation5 o f  [CBgKj ^ ) “  
deprotonation o f CBgftj ^  with aqueous KjOD^ and iso la tion  as the
reaction  with sto ich iom etric  ra tio  o f  lith iixn  a lk y l reagents. In  th is  
way undesirable hydro lys is  o f the precursor was avoided and solutions
tétraméthylammonium s a l t ,  the anion was prepared in  ether solu tion by
were compatible w ith a i r  o r moisture l i t iv e  organometallic reagents,
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2.3, TOO P D B glC H ftL  N .M .R . STUDIES CF CkRBABCRANE CLUSTHS.
The use o f  nuclear magnetic resonance spectroscopy (n .m .r .) in  
the study o f  boranes and th e ir  d er iva tives  has been w e ll documented1* '  1 55, 
Mare recen tly  two dimensional (2D) hcmo and hetero  nuclear chemical 
s h i f t  c o rre la tion  spectroscopy1 ^ ' 1 7^ (COSY) data have a lso  been shown 
to  be usefu l in  providing add itiona l structura l information. A 
descrip tion  o f  n.m.r. spectroscopy as applied t o  boron hydrides is  
g iven  in  Appendix I I .
The app lication  o f  hcmonuclear 2D 11B n .m .r. techniques have 
been u t i l is e d  by Grimes158and others1 to  e lu c id a te  boron hydride 
c lu s te r  connectiv ity . The spectra produced e x h ib it  diagonal synsnetry 
with cross peaks due to  sca lar spin-spin coupling, ind icating adjacent 
nuclei (see  Appendix I I  fo r  a more deta iled  d esc r ip tio n ). Boron atoms 
connected by a bridging hydrogen have been found, in general, not to  
g iv e  r is e  to  such ooupling158,159. This is  explained in  terms o f  the 
n e g lig ib le  e lectron  density along the B-B vec to r  predicted in  the 
th eo re tic a l description o f  three-centre b ridging hydrogen bonds.
HcMever, sane exceptions have been noted158, as in  nido-2-(C.FL.XDoB^Hq 
and n ido -I C ^ - ( M e ) ^ ] F e ( C U H , . wherein the observation o f  a 
ooupling between boron a tans connected by a b ridging hydrogen is  
proposed to  be due to  increased d e loca lisa tion  o f  bonding in the basal 
plane o f  these two c lu sters.
These 2D n.m.r. techniques have been app lied  to  several o f  the 
nine, ten and eleven vertex  monocarhaboranes prepared during the 
course o f  th is  work in  order to  extend the current knowledge o f  the 
type o f  resu lts  to  be expected using these techniques. The resu lts  are 
discussed in  the fo llow ing sections.
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2.3 .2 ,
The s k e le ta l e lectron  count f o r  th is  monocarbaborane i s  13 SEP's 
ind icating a n ido structure based on an icosahedron, The 1 :2 :2 :2 :1 :2  
pattern  observed in  the 11B n.m .r. spectrum (la b e lled  a - f  in  Figure 34) 
i s  as previously noted**, consistent with th is  type o f  structure.
The 2D 11B COSY spectrum obtained is  shown in  Figure 35. From 
the couplings observed in  th is  spectrum and taking in to  account the 
tw o-fo ld  ra t io  o f  the resonances 'b ' ,  ' c ' ,  'd ' and ' f ' ,  the to ta l 
sk e le ta l con n ectiv ity  is  deduced t o  be as shown in  Figure 36a. Sane 
features o f  th is  connectiv ity-structu re deduction are explained as 
fo llow s .
In the proton coupled 11B n .m .r. spectrum, the doublets o f  
resonances ' c '  and 'd ' exh ib it f in e  structure due t o  coupling o f  
bridging hydrogens. Because resonances 'c '  and 'd ' a r is e  from four 
boron a terns the coupling cannot be due to  BHj groups. The absence o f  a 
cross peak between 'c '  and 'd ' on ly  indicates that they are not bonded 
d ir e c t ly  but does not ru le  out the p o s s ib il ity  o f  connection v ia  a 
bridging hydrogen.
The 'b -b ' and 'd -d ' connection has to  be assured, since coupling 
between equ ivalent atoms is  not observable. The carbon atom is  
positioned so as t o  reta in  the observed symmetry, g iv in g  the to ta l 
connectiv ity  co rresponding to  the structure shown. This confirms the 
suggested structure o f  previously reported** (See Figure
36b).
The desh ield ing e f fe c t  o f  the carbon atom on neighbouring boron 
atoms is  c le a r ly  illu s tra ted  by the down-field s h ift  o f  the resonances 
assignable to  the boron atoms B (8,11 ) and B (2 ,3 ), oerpared t o  those o f 






















Figure 36. a ) Connectivity and b )  structure o f  NMejŒ ^H^
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lowest f i e l d  resonance, a r is in g  from one o f  the two unique boron 
atoms, i s  assignable to  the B(5) boron atom. Not on ly  i s  th is  boron 
atom not adjacent to  the sk e le ta l carbon atom but i t  occupies a 
p o s it ion  as fa r  removed from i t  as i s  possib le  w ith in  th e  framework, a 
p o s it io n  usually  described as 'an tipoda l' r e la t iv e  t o  th e  carbon atom.
Th is  re la tionsh ip  i s  more e a s ily  envisaged by v iew in g  the 
stru ctu re  o f  NMe-jCE^H^ as an icosahedron with the C (7 ) and B(5) 
atoms as the polar v e r t ic e s ,  i . e .  antipodal, with the m issing vertex  
o f  the n ld o  structure being absent from one o f  the t r o p ic a l planes. Of 
course o th e r  atom combinations may a lso  be described as an tipodal, fo r  
example B (4 ) and B(11) o r  B (6 ) and B(8 ) .
S im ila r  deshielding e f fe c ts  are observed fo r  the resonances o f  
bore « atoms adjacent and antipodal t o  the carbon atoms in  the 
icoahedra l c lo so  dlcarbaboranes155. In  the ortho-dicarborane isomer, 
i l lu s t r a te d  below, the boron atoms B(9,12) antipodal t o  th e  carbon 
atoms C(1 ,2 )  produce the lowest f i e ld  resonance in  the 11B n.m.r. 
spectrum. In  th is  instance, however, o f  the s ix  boron atoms adjacent 
to  the carbon atoms the two that a re  adjacent to  both carbon atoms, 
B (3 ,6 ), g iv e  r is e  to  the highest f i e ld  resonance, an apparently 
diam agnetic (u p fie ld ) s h i f t .
Structure o f  ortho-C2B-joHl 2 *
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2 .3 .2 . A 2D H R  SHJDY OF N U tM C ^ H ^ ] ■
W. Knoth44 and K. Base e t  a l5 have proposed a decaborane type 
stucture f o r  the [CB^H^]-  anion w ith  the bridging hydrogens in  the 
pos ition  shewn in  Figures 37a and 37b resp ec tive ly . Ib is  disagreement 
about the pos ition  o f  the b r id g in g  hydrogens has been solved by a 2D 
n.m .r. study, which has a ls o  provided the complete 11B n.m.r. 
resonance assignment.
a ) b )
Figure 37. Proposed structures o f  the [CB^H^]”  anion.
The sk e le ta l e le c tron  count fo r  the [CB^H^]-  anion g ives  12 
SEP's ind ica tin g  a nido structu re  based on an octadecahedron, 
analogous t o  decaborane(14). The 2 :1 :2 :2 :1 :1  pattern observed in  the 
11B n.m .r. spectrum ( la b e lle d  a - f  in  Figure 38) is  consistent w ith  the 
pred icted structure. The c ross  peaks observed in  the 2D 11B COSY 
spectrum o f  [CBgH^]-  (F igu re 39) ind icates the fundamental c lu ster 
connectiv ity  t o  be as shown in  Figure 40a.
In the 11B n.m.r. spectrum resonances 'b ' and 'd ' (r a t io  1:2) 
exh ib it  small couplings a ttr ib u ta b le  to  b ridg ing  hydrogens, thus 
ind ica ting  that the b ridging hydrogens are located in  the position  



























Figure 39. 2D 11B OOSY n.m.r. spectrum o f  the anion.
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assignment i s  there fo re  d e r ived  by canparing Figures 38, 40a and 40b.
Ctie unusual feature o f  th e  11B COSY spectrum is  the observation 
o f  a strong 'a ' - 'd '  coupling and a weak 'b ' - 'd '  coupling. H ie former
coupling is  in d ica tive  o f  boron atoms d ir e c t ly  connected thus 
discounting the Knoth type s tru ctu re , w h ils t the la t t e r  weak coupling 
appears to  a r is e  from boron atoms connected by bridging hydrogens.
This o f  course i s  contrary t o  the previous find in gs158 ' 159 including 
the 11B COSY spectrum o f  NMe^CB  ^qH ^  described e a r l ie r .  The 
observation o f  coupling between B-H-B boron atoms in  [CBgH^ vaa the 
f i r s t  in d ica tion  that such couplings could be obtained and indeed 
perhaps were ch a ra c te r is t ic  o f  a  B-H-B-H-B a p ica l sk e le ta l fragment.
By comparing the 11B n .m .r. spectra o f  the is o e lec tron ic  
c lu s te rs , B1 qRj4 and [CBgH jj]-  (F igure 41) the deshielding e f f e c t  o f  
the carbon atom can be c le a r ly  seen by a r e la t iv e  displacement
downfield (-10 p.p .m .) o f  th e  B (5 ,7 ) and B (2) boron resonances in  the 
carbaborane, due to  the p o s it io n  o f  the boron a tans adjacent t o  the 
carbon atom and a s im ila r diamagnetic s h i f t  o f  the approximately 
antipodal boron atom to  high f i e l d  as noted in  the previous
discussion.
[œ , h, 2 ] -
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Stick  diagram shewing co rre la tion  between the 
11B n.m .r. spectra  o f  B10Hi 4 31x3
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2 .3 .3 .  A  2D t # «  STUDY OF C B ^  ^
The app lica tion  o f  Wade's ru le s  t o  the n eu tra l monocarborane, 
CBgH14, leads t o  a pred icted arachno structure based on a 
29octadecahedron . The absence o f  the most h igh ly connected vertex  and 
cne adjacent ve rtex , as ind icated by W illiam s' ru les® , with the fou r 
b rid g in g  hydrogens positioned sym m etrically in  the open face o f  the 
c lu s te r , y ie ld s  the pred icted s tructu re, as shewn in  Figure 42.
Figure 42. Proposed structure o f  <S0H14.
The 11B n.m .r. spectrum o f  CBgH^ contains f i v e  resonances (r e la t iv e  
in te n s it ie s  1 :1 :2 :2 :2 , denoted a -e  in  Figure 4 4 .).  Th is  pattern i s  o f  
course compatible w ith  the proposed structure as noted by Base e t  a l5 
and Dolansky e t  a l1®2 . A complete assignment o f  the 11B resonances has 
been proposed by Base e t  a l  based upon both J (B_H(j->ri cjge ) ) couplings 
and experience o f  chemical s h ifts  in  re la ted  systems162' 1®®, as fo llow s 
B (7 ), 17.0 p .p .m .; B (1 ), -3 .7  p .p .m .; B (5 ,9 ), -6 .3  p.p.m.
B(6 ,8 ) , -34.9 p .p.m .; B (2 ,3 ), -41.1 p.p.m.
From the 11B COSY spectrum recorded fo r  CBgH^4 (F igure 44) two 
a lte rn a t iv e  assignments o f  sk e le ta l con n ectiv ity  a re  possib le , as shewn
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Cbrrect sk e le ta l 
connectivity
A lte rn a tiv e
con n ec tiv ity
Figure 43. A lte rn a tive  s k e le ta l con n ec tiv it ie s  o f  CBQH14.
in  Figure 43. The two possib le  assignments a r is e  because o f  the high 
symmetry o f  the carborane. In  the 2D 11B n.m .r. experiment the carbon 
a tan is  'in v is ib le ' g iv in g  a fa ls e  add ition a l tw o-fo ld  syimetry to  the 
framework. S im ilar d i f f i c u l t ie s  in  assignment have been noted in  the 
11B COSY o f  the ioosahedral 1 ,2 - and 1 ,7 - C jB ^ H ^  isaners158. The 
correct structure o f  CBgH^  4 may be deduced by examining the 1H n.m .r. 
spectra obtained with s e le c t iv e  11B decoupling as shown in  Figure 45.
The fu l ly  coupled 1H n.m .r. spectrum consists  o f  a s e r ie s  o f  
quartets a t  lower f i e ld  a r is in g  iro n  the B-H( term inal) bonds» «W-1® a t 
higher f i e ld  there are two resonances (-0.13 and -2.06 p .p .m .) from 
the CHj group, and two broad resonances (centred a t  -0.64 arri -3.76 
p.p.m .) from the two sets o f  b ridg ing  hydrogen atoms. These four 
higher f i e ld  resonances have been p reviously  reported, but not the
oomplete 1H spectrum, and no assignment o f  ind iv idua l se ts  o f  bridging
11,12hydrogens ex is ts
PPM
Figure 44. 2D 11B COSY n .m .r. spectrum o f  CBgH^.
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Though the broad band decoupled spectrum g ives  l i t t l e  
information, s e le c tiv e  decoupling a t resonance 'a ' (assigned as in 
Figure 44) p a r t ia lly  decouples the set o f  bridging hydrogens a t -0.64 
p.p.m ., while the same treatment a t resonance 'b ' on ly  decouples the 
terminal proton a t 3.17 p.p.m. On decoupling a t resonance 'c '  one o f  
the CH resonances becomes sharpened, indicating that the resonance is  
assignable to  the boron atoms B(5,9) adjacent to  the carbon atom. The 
same e f fe c t  does not re su lt  from decoupling a t the 11B frequency o f 
resonance 'd * .
The unambiguous s k e le ta l connectivity  is  th ere fo re  deduced as 
shown in Figure 43, with the 11B n.m.r. resonances being assigned to  
the c lu ster boron atoms as fo llow s;
a-B<7), b -B (1 ), c «B (5 ,9 ), d-B<6 ,8 ) and e«B<2,3>.
This assignment derived from spectroscopic probing o f  c lu ster 
connectivity agrees with that proposed by Base e t  a l 1 6 2 ,16 3  from 
em pirical observations.
Using the above inform ation, the complete assignment o f  the 
resonances in  the 1H n .m .r. spectrum o f  CBgH^ is  as fo llow s ;
V fc< 7 > » 4-20 *•*>•*•> V *S m u » 3,17 p•p•ra•, V fe < 5 ,9 )»
2.83 p.p.m .; H<a-HB(6 8 ) , 1.66 p.p.m.; H ^ -H ^  3 ) ,1 .0 p.p.m.
Bridging: 1 ^ , •  - ° * 6 p*p* " - ? ” * 2 * B (5 ,9 )-B (6 ,8 )' ‘ 3*7 P-P*ra* 
C-H : -0.1 P -P .* .; -2.0 p.p.m..
The ^/term inal) resonanoes fo llow  the same pattern as in  the 11B 
n.m.r. spectrun.
As was found fo r  [OB^H^]“ ,  c loser inspection o f  the 11B COSY 
spectrum reveals that a coupling between B(6 ,8 ) and B (7 ) is  observed, 
though they are connected by a bridging hydrogen. This i s  in  contrast 
to  the absence o f  coupling between B (5 ,9 ) and B(6 ,8 ) , which are a lso
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No co rre la tion  observed
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Figure 46. 1 H-11B C orre la tion  map o f  OBgtt^.
connected by bridging hydrogens.
The th eo re tica l ju s t i f ic a t io n  fo r  th e  absence o f  such coupling 
is  based on an id ea l symmetrical b ridg ing  hydrogen bond where there is  
n e g lig ib le  e lec tron  density  along the B-B v e c to r . In  an unsym etrical
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bridge there may be s ign ific a n t e lectron  density  along the B-B vec to r , 
enabling sca lar spin-spin coupling. These resu lts  ind icate th ere fo re  
that CBgR, ^  oontains two d is t in c t ly  d if fe re n t  types o f  bridging 
hydrogen atone. Further evidence in  support o f  th is  proposal i s  seen 
in  the 1H-11B s h i f t  co rre la tion  map (Figure 46). The co rre la tion s  
between the 11B resonances and the resonances due to  the attached 
hydrogen atoms are as shown.
A l l  o f  the hydrogen resonances are re ad ily  assignable and are  in  
agreement with that deduced above. The high f i e ld  symmetrical b ridging 
hydrogens exh ib it  coupling t o  c (B (5 ,9 )] and d [B (6 , 8 ) ]  as expected. The 
lcw fie ld  resonance due t o  the proposed unsymmetrical bridging 
hydrogens g ive  an observable coupling to  d [B (6 , 8 ) ] only and not to  
a [B (7 )] .  From th is  information the bridging group is  deduced t o  be 
displaced towards the d [B (6 , 8 ) ] boron a tons. Sim ilar conclusions have 
been reached fo llow in g  th eo re tica l 0 0 0 /2  ca lcu lations16* .
Corroborating evidence fo r  the unsymnetrical bridge is  provided 
by the 1 11 Bse le c tiv e *  n*m*r * *P °ctra  (F igure 45). Decoupling a t  both
c [B (5 ,9 )] and d [B (6 ,8 ) ]  resonance frequencies has an id en tica l e f fe c t  
upon the h igh fie ld  bridging hydrogen resonance, carpatib le  w ith  that 
expected fo r  a symmetrical b ridge. In  ocmparison, decoupling a t  the 
d [B (6 , 8 ) ) frequency, resu lts  in  a near-singlet resonance fo r  the 
low fie ld  bridging hydrogen resonance, whereas decoupling a t the 
a [B (7 )] frequency has considerably less e f fe c t .  The d i f fe r e n t ia l  
e f fe c t  o f  s e le c t iv e  decoupling r e f le c ts  a la rger association o f  the 
d [B (6 ,8 ) ] boron atoms w ith the bridging hydrogen atom compared t o  that 
o f  the a [B (7 ) ] boron atom, as expected fo r  an unsymmetrical b ridg ing  
hydrogen displaced c loser t o  the a [B (6 ,8 ) ] boron atoms. The re fin ed  
structure is  th ere fo re  as shown in  Figure 44.
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2 .3 .4 . A 2D WK STUCK OF [CB^K^ T  ANICH.
The 1 1 B(1H) n.m .r. spectrum o f  the anion [CBgRjj]-  is  sim ilar to  
that o f  the neutral CBgH^ showing f i v e  resonances (r e la t iv e  
in ten s it ie s  2 :1 :1 :2 :2 , denoted a -  e  in  Figure 47 ), ind icating that 
symmetry o f  the framewcrk i s  preserved on deprotonation, in  agreement 
w ith the model proposed by Base5.
The highest f i e ld  resonance e , shows the la rgest )
coupling, and can be assigned t o  the B (6 , 8 ) pair o f  boron atoms. 
Further assignments cannot be made with confidence iron  th is  spectrum 
alone, since the re la t iv e  chemical s h ifts  o f  the resonances have 
changed substan tia lly  compared w ith  those from (BgH ^. To date the 
complete assignment o f  the 1H and 1  ^B resonances fo r  the anion has not 
been estab lished.
The connectiv ity  in  the skeleton o f  the anion is  derived in  a 
s im ila r  manner to  that used fo r  the neutral precursor, namely, from 
the 11B OQSY spectrum (Figure 47) and a series  o f  1 H- { 1 ^ B( e l e c t i v e )   ^
spectra t o  g iv e  the fo llow ing 11B n.m.r. resonance assignments:
a -B (5 ,9 ), 4.0 p.p.m .; b -B (7 ), -3 .9  p .p .m .;c*B (1) ,  -21.5 p.p.m.; 
d «B (2 ,3 ), -30.4 p .p.m .; e-B (6 , 8 ) ,  -35.2 p.p.m.
Notable features o f  the 11B COSY spectra o f  the neutral CBgft^ 
and the an ion ic [CBgH^]”  are now eviden t, as fo llow s. F ir s t ly ,  in  the 
anion, a strong coupling is  observed between B (5,9) and B(6 , 8 ) ,  which 
is  absent in  the neutral precursor, suggesting the symmetrical bridges 
in  CBgH^ are new unsymmetrical in  [CH gU^l". Secondly, fo r  the three 
boron a terns B(6 ,8 ) and B (7) in  the anion, now connected by a single 
unique bridging hydrogen, a weak coupling is  s t i l l  observed, and is  a 
c le a r  ind ica tion  o f  s ign ifica n t e lec tron  density along the B-B vector 
in  th is  four-centre bond. Th ird ly , an unexpected reduction in  the
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Figure 47. 11B <X)SY o f  [C B gH ^ r anion.
a) b)
a ) Connectiv ity  and b) structu re  o f  the [CBgH^3]~ anion.
07
observed coupling between B(1) and B(5,9) o f  the anion is  a lso  found, 
which is  presumably produced by the s h ift  o f  e lec tron  density  on the 
open face  o f  the c lu s te r  towards the B(6 , 8 ) pos itions , resu ltin g  in  a 
reduced e lectron  density  between those boron atoms adjacent to  the 
carbon atcm.
From the assignment o f  the 11B n.m.r. resonances fo r  the neutral 
CBgH, 4 and anionic lO B gftjjj" noted above the order o f  the resonances 
has changed in  a way that confirms the e lec tron  density  s h i f t ,  such 
that the lo w es t- fie ld  resonance is  now a ttr ibu tab le  to  the r e la t iv e ly  
less  e lec tron ega tive  boron atoms B(5,9) adjacent to  the carbon atom, 
though the major fa c to r  may be the re la t iv e  u p -fie ld  s h if t  o f  the B(7) 
boron atom due t o  the reduction in  coordination.
The p ra c tica l d i f f i c u l t ie s  involved in  the preparation o f  the 
anion, namely the e lim ination  o f  hexane residues from the lithium  
butyl so lu tion , lead to  impxirity peaks in  the 1H spectrin . However, 
assignment o f  the lc w fie ld  resonances from the term inal hydrogen atoms 
was made possib le  by a s e r ie s  o f  d ifference  spectra produced by 
subtracting the spectra obtained by se le c tiv e  11B decoupling from the 
fu l ly  decoupled spectrum.
The im purities do not in te r fe re  with the more important up fie ld  
CHj and bridging hydrogen resonances, which appear as two s in g le ts  
(C-H ), a d is to rted  quartet and a broad m u ltip le t, o f  ra tio  
re sp ec tiv e ly . The unique bridging hydrogen resonance, a t h ig h fie ld , is  
complex because o f  the coupling to  three boron atoms. The d is to rted  
quartet resonance is  due t o  greater coupling to  the B(6 ,8 ) boron atoms 
than t o  the B (5 ,9 ) boron atoms in  the unsymnetrical bridge. The 
complete assignment o f  the resonances in  the 1H n.m .r. spectrin  o f  
(CBgHjj]“  i s  as fo llow s;
88
lterralnal! V " b <5 ,9 )' 3' 93 P*P-m*» Hb*HB (7 ) ’  3 ' 05 P-P-1"-* Hc*HB(1)<
2.52 p.p.m .; H{j " HB(2#j )#  p .p .m .j Ha-HB(6 ,8 ) #1*29 P*P*m* J 
Bridging: **bl",IB(5 ,9 )-B( 6 ,8 ) # _1 *04 P «P ‘ m«* Hb2"HB (6,8 )-B (7 ) • “ 2 ,°  p ,p*nu 
0-11 ! Hf “Hexo' °*34 P-P-m«* Hq‘ Harrio' ~°m36 p*p*m”
The ^ (te rm in a l) reacnanCG3 again fo llow  the same pattern as in  the 
11B n.m .r. spectrum.
Confirmation o f  the unsynmetrical nature o f  both types o f  
hydrogen bridge is  provided by subtraction spectra . A s ign ifican t 
e f f e c t  on both bridging resonances is  observed by decoupling a t  the 
e [B (6 , 8 ) ]  frequency, w h ils t deooupling a t a [B (5 ,9 )] and b [B (7 )] 
frequencies has only a marginal e f fe c t  on both bridging hydrogen 
resonances. The re fined  structure o f  the anion, [CBgH^]- , to  show the 
unsyim etrical bridging groups is  shown in  F ig  48.
In  order to  exerrplify further the presence o f  unsynmetrical 
b ridging hydrogens in  the anion a 1H-11B co rre la tion  map was recorded 
(F igu re 49). The expectation was, from the re su lts  o f  the 1H-11B 
co rre la tio n  map obtained fo r  CBgH^  ^  that couplings fo r  both bridging 
hydrogens in  the anion would be observed s in ce they are both 
unsynmetrical. Unfortunately the map obtained was found to  include a 
number o f  fa ls e  re fle c ted  peaks due to  quad imaging. Despite e f fo r t s  
to  e lim inate th is  e f fe c t  using instrumental methods these anomalous 
peaks (annotated on Figure 49) remained, thereby reducing the 
r e l i a b i l i t y  o f  the remaining couplings and the value o f  the 
experiment.
I t  is  noteworthy tha t the h igh fie ld  ando-CH resonance hew a 
broader linewldth (50 Hz) than e ith e r  the exo-CH resonance (24 Hz) o f  
the anion, o r  the endo-CH resonance (33 Hz) in  the neutral precursor.
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Maximnn o f  nine co rre la tion s  expected.
Eight o f  these are observed.
The anomalous peaks are enclosed in  a dotted  lin e
Figure 49, B co rre la tion  map fo r  the [CBQH)3 ] “  anion.
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When the 1H n.m .r. resonance o f  e ith e r  o f  the bridging hydrogens 
¿ire stimulated a t th e ir  own resonance frequency, saturation transfer 
to  the other bridging hydrogen resonance and endo-CH resonance is  
observed, causing signal enhancement. The spectrum obtained i s  shown 
in  Figure 51 as a subtraction p lo t o f  the ordinary 1H spectrum from 
the enhanced spectrum (Figure 50 ). The stimulation o f  the high f i e ld  
endo-CH resonance causes s im ila r saturation transfer to  the three 
bridging hydrogens y ie ld in g  ¿m id en tica l spectrum to  that shown in  
Figure 51.
Cnly the high f i e ld  endo-CH resonance experiences th is  e f fe c t ,  
not the low f ie ld  exo-CH. Thus stim ulation o f  the low f ie ld  CH 
resonance does not resu lt in  saturation transfer and resonance 
enhancement. Tb elim inate any suspicion that the transfer is  due to  
the c lo se  proximity o f  these resonances, the saturation experiment was 
carried  out using the lowest f i e ld  term inal hydrogen resonance. The 
spectrun obtained (Figure 52) c le a r ly  exh ib its  no saturation transfer 
to  other resonances.
The saturation transfer experiments strongly suggest that the 
endo-CH hydrogen, and a l l  three bridging hydrogens, are in  exchange a t 
room temperature. The exo-CH hydrogen is  not involved in  the exchange 
process. Sim ilar saturation transfer experiments on CBgHjj showed that 
the neutral precursor does not exh ib it such exchange.
Line width broadening observed during variab le  temperature n.m .r. 
studies y ie ld s  a very approximate a c tiva tion  energy fo r  th is  process 
o f 50 KJ mol”^. The removal a t a proton has therefore s ig n ific a n t ly  
activated the open face o f  the c lu s te r , including the endo-hydrogen on 
the carbon a tern. While flu x iona l behaviour o f  bridging hydrogen atoms 










































































































such a process incorporating a s in g le  endo-C-H hydrogen atari appears 
to  be a novel fea tu re.
curing the e a r ly  stages o f  the previously described study o f 
an attempt was made to  deuterate the carbaborane in  order t o  
a ss is t the spectra l analysis and assignment. The in i t i a l l y  observed 
spectra o f  the product were found to  be inconsistent w ith the 
envisaged straightforward substitution process and the experiment was 
abandoned. The la te r  discovery o f  the hydrogen exchange process in  the 
[ 3 ]~ anion, led  to  a re-examination o f  th is  deuteration experiment.
The deprotonatian-deuterolysis method previously used, in vo lv in g  
condensation o f  DC1 gas onto iso la ted  Li[CSgH^ was found to  be 
unsatis factory. An a lte rn a tiv e  approach was therefore adopted, which 
consisted o f  deprotonation o f  the neutral precursor in  (CjDg^O 
followed by hydrolysis w ith  excess DjO.
Since hydrogen exchange occurs in  the anion, i t  was expected 
that repeated deprotonation and dueterolysis would y ie ld  successive 
deuterated product in  which the endo-CH and both bridging hydrogen 
n.m .r. resonances are  s im ila r ly  reduced in  in ten s ity  compared to  the 
remaining exo CH resonance. Unfortunately, when each product was 
analysed, such stepwise reduction in  resonance in tegra l was not 
obtained beyond the f i r s t  treatment due to  gross product degradation, 
possib ly  as a re su lt  o f  excessive manipulation.
An in terestin g  resu lt was however obtained by comparing the 
n.m .r. spectrum o f  the deuteratad product a fte r  a s in g le  treatment and 
that obtained a f t e r  f i v e  successive treatments followed by product 
p u rifica tion  by sublimation. The 1H n.m.r. spectra o f  both o f  these 
products showed Id en tica l reductions in  ths < *{m nio) and BH(b r ld g ln j) 
resonances compared t o  the a i ( exo) resonance (see Figure 53b).
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Figure 53. 1H n.ra.r. spectra o f  a ) CBgH^ and b ) CBgH^ a ft e r  f i v e  
deprotonation-deuterolysis c y c le s . (Note on ly  the 
re levant h ig h - f ie ld  portion  o f  each spectrum is  shown).
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The observed 1H n.m .r. resonance in tegra tion  ra t io  o f  01 (exo ) :BH(b r id g in g )! 
^ (e r x io ) :BH(b r id g in g ) thus changed frcm 1 : 2 : 1 : 2  respective ly  in  the 
o r ig in a l CBgH^ sample to  1 : 1 : 0.3:1 in  the deuterated product.
TVo aspects o f  th is  experijnent requ ire c la r i f ic a t io n . F irs t ly , 
deuterium exchange between and DjO alone was not observed
without p rio r deprobonation, and secondly, the previously described 
resonance saturation experiments showed no exchange between terminal 
and bridging BH hydrogens, thus elim inating the need to  consider these 
processes as contributing factors.
The observed deuteration r a t io  o f  the and
hydrogens th ere fo re  shows, o f the f i v e  endo hydrogen s ite s  in  the 
neutral carbaborane, a higher s e le c t iv it y  towards deuteration o f  the 
^ (e r r io ) hydrogen. Whilst th is could be in terpreted  as an indication 
that protonation o f  the anion can occur a t  the ske le ta l carbon atom as 
opposed to  the presented reprotonation a t the triangu lar B (6 ,7 ,8 ) face 
o f  the anion, i t  more lik e ly  r e f le c ts  a stronger primary isotope 
e f f e c t  fo r  the hydrogen than fo r  the hydrogen.
Thus on protonation o f  the anion, scrambling o f  the endo hydrogens 
around the fa ce  to  form the neutral carbaborane is  e ffec ted  by a 
stronger C-D(exo ) bond than the B-D(br i3 g iJ1g ) bond. The slower 
exchange o f  the more strongly bound C-D deuterium thus resu lting in  a 
grea te r  reduction o f  the CHjexoj resonance in  the 1H n.m.r. spectrin .
Having investigated  the [CBgH  ^ anion, attenpts to  produce 
and iden tify  the di-anion by fu rther removal o f  a proton ware made.
This proved to  be unsuccessful, possib ly due t o  the observed 
in so lu b ility  o f  the product in  a range o f  so lven ts, or more l ik e ly  the 
probable cage degradation expected an fu rther activa tion  o f  the open 
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A large number o f  ten vertex  polyhedra contain ing metal and boron 
atoms in  the framework have been synthesised1* ' 1®*. Though a va r ie ty  
o f  structures have been id e n t if ie d , most o f  these ten atcro c lu sters  
adopt a nldo structure, based on nldo-decaborane(1 4 ), wherein the 
metal a tan occupies one o f  the ap ica l B (6 ,9 ) v e r t ic e s  (see Figure 54). 
Examples o f  such metallaboranes are the tungsten165, rhenium166, 
ruthenium, osmium165 and irid ium 167 d e r iva tives  o f  the general formula 
3 characterised by Greanwxd e t  a l  and the manganese and 
rhenium d er iva tiv es  characterised by Gaines e t  a l 168 (see Tfeble 6 ) .
Iscmers o f  the nldo-6 -substituted [MBg ] metalladecaborane 
d e r iva tives  have been iso la ted  in  which the metal a tan e ith e r  occupies 
another vertex  on the open face  o f  the c lu s te r  o r , more ra re ly , one o f 
the v e r t ic es  o f  the b u tte r fly  basal plane, i . e .  one o f  B(1,2 ,3 ,4 ) 
shorn in  Figure 54. The two cobaltaborane isonars iso la ted  by Grimes 
e t  a l 169,170 ancj  Sneddon e t  a l 171 and the recen tly  synthesised 
ruthenaboranes1 72 g iven  in  Table 6 i l lu s tr a te  th is  feature.
In  add ition  to  the la rge  number o f  nldo [MBg] clusters 
characterised, various other ten vertex metal laboranes have been 
synthesised, such as the c lo eo  [MBg ] 173, and b im e ta llic  [M ^g] nldo1 74 
and arachno1 75 c lu sters  noted in  Table 6 .
A reasonable number o f  metalladicarbadecaborane d er iva tives  
CMCjBj ) have a ls o  been i s o l a t e 1 ° 3' 176' 177' 178' 17S, a c e  o f  which are 
a lso  shown in  Table 6 .
In  oaipariscn t o  the number and va r ie ty  o f  metalladeoaboranes 
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(CgHg ) OoB^ H^  j
<C6,to6)RuB9H13
(PhMOjPljNlBjftjClj
‘V s 1 «y*>2QW ,l2
« v s iy w u
(P » le 2P )4Pt2BeH10
l " W  » W ^ W ll1*
[(C jH jX ijC ja jH ,)"
“ C6 »3 H3lf* C2B7H9r
' W W i 1-
K E tjP lP tO taC jlB yS j]'
Tteble 6 . Seme examples o f  tan 






Nido Ob ( 6 )
Nido I r ( 6 )
Nido * i< 6 )
Nido Re(6 )
Nido Oo(5)
Nido 0 ><2 )
Nido Ru(1 )
Nido Ru(2 )
ClMO N id )
Nido Ct>(6,9)
Nido 0>(5 ,7 )
Arachno Pt<6,9)
Nido C<6,2), Oo(7)
Nido C (6 ,7 ), Co(8 )
Clore C(1»10 ), Cto(2)
Nido C<5,6), Ru(2)
Cloeo C d # «)#  P »(2 )
Nido C<9,10), Fe(6 )
Nido Pt(10 )
metallaborane [MB^], dlmeta 1 laborane 
xnrane [MT^B  ^] d eriva tives .
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1Figure 54. Skeleta l numbering schemes fo r  ten 





[MCBq I (CcH4PP»u)iPPh3 )IrC(OH)B0Hc (GHe) Iso-n ido C (10 ), I r (7 )
(PPh3 )P tœ 8H12 Nido C(6 ) ,  P t (9 )
KCjHjlOoŒ gH,]- Closo C d ) ,  Co(6 )
ICCjHj)NiCB^Hj]“ CIOSO C d ) ,  N i(10 )
I(PPh3 )2HIrCB(PPh3 )B7H8 ] “ Cloeo C d O ), I r (2 )
“ W
Closo C d ) ,  N i(6 ,7 )
Closo C d ) ,  Oo<2), N i(10 )
Cloeo C d ) ,  Cb<6 ) ,  N i ( 8 )
(C5Hs ,2aoN lœ 7HB Closo
C (1 ), Cb(6 ) ,  N i(10 )
(CjHj IjOdNÍC^H , Cloeo C d ) ,  Oo(6 ) ,  N i (9 )
'Rabie 7. The known metallacarbadecaborane d e r iva tiv es .
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vertex  systems contain ing on ly a s in g le  carbon and metal atom, l . e .  
the [MCBg] meta 1  lacarbaboranes, are lim ited  in  number, and further 
examples ¿ire required b e fo re  bonding and structural trends become 
apparent.
The d e r iva tives  synthesised to  d a te , l is ted  in  Table 7, 
incorporate metal fragments from the cob a lt  and n ickel groups, and 
include nldo compounds containing irid ium 1 ®0 and platinum1®0' 1®1, and 
c loso  species w ith  c o b a lt146' 147' 181, n ick e l146' 14 7 ' 148 and 
iridium149. In  addition  c lo so  b im eta llic  species containing e ith e r  two 
nickel atoms146' 147, o r  a  n ickel and cob a lt atom182' 183 (fou r isomers 
id en t if ie d ) are a lso  known.
The arachno carbanonaborane(-1 ) anion [CBgH^]“  i s  now w e ll 
characterised® '184(See Chapter 2, Section  3.4 and Figure 48b .); i t  i s  
isoe lectron ic  w ith the borane anion [BgHJ4] “  and the dicarbaborane
3, and possesses the same framework structure a lb e it  with the 
expected d iffe ren ces  in  d is tibu tion  o f  the hetero atcm (s) and endo 
hydrogens about the open fa ce  o f  the c lu s te r .
Since both o f  these isoe lec tron ic  borane and dicarbaborane 
clusters have been successfu lly  u t il is e d  in  the preparation o f  a 
number o f  the m etalla  d e r iva tiv es  noted in  T a b le  6 ,  i t  was desirab le 
to  te s t  the s u ita b i l i ty  o f  the monocarbaborane anion as a precursor 
fo r  the preparation o f  the re la ted  [MCBQ] c lu sters . In  p a rticu la r , t o  
attempt to  expand the range o f  such c lu s te rs  beyond those noted in  
Table 7, by preparation o f  nido and i f  p oss ib le , arachno d e r iva tiv es , 
since the known [MCBg] c lu s te rs  have predominantly c loso  structures.
The reaction  o f  [CBgftjg]”  with severa l rutheniun and osmium 
phosphine halide compounds has yielded a number o f  c loso . nido and 
arachno-[MCBgl compounds, as described in  the fo llow ing sections.
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1 9 , 9 ^ 0 ) )  ( ( 1 )  IW u ; ( 2 ) M * * } .
M ^ 9 A ^ f n ^ g 5 )(H)(BBl>3 ) ^ K K « > ^ . 6 - M ^ Bi a]  (3 ) .
The reaction  o f  the arachno-anlcn [C B gK jj]“  with the rutheniun 
ha lide  reagent [RuCl(CD) (H) (PPh^ )^ ] in  re flu x in g  benzene y ie ld ed  the 
n ido-ruthenacarbadecaborane [(<D)(PPh3 )2RuCB0H1 o (PPh3) ] ,  ( 1 ) ,  as the 
major product. This corpound was obtained in  54% y ie ld  as a red 
c r y s ta ll in e  so lid , a fte r  pu rifica tion  by preparative t . l . c .  using 
dichloromethane and lig h t  petroleum as the e lu en t. The id ea lised  
equation fo r  the formation o f  th is  product i s  as fo llow s;
LilCBgH ^) ♦ (RuCl(OD) (H)(PPh3) 3J --------- >
(< a »(P P h 3 )2RuCB8H1 0 <PPh3) ]  ♦ 2 Hj ♦ LiC l
( 1 )
The corresponding oanivjn compound [ (00) (PPh3 ^ QsCBg^ ^ P P t^ ) ] ,  ( 2 ) ,  was 
obtained in  34% y ie ld  by a s ilm ila r  procedure, and was iso la ted  as an 
orange cy s ta llin e  so lid .
The n.m.r. spectra o f  both ( 1 ) and ( 2 ) a re  consistent w ith  three 
open c lu ster structures as shown in  Figure 55, where the metal atom is  
coordinated in to  the triangular portion o f  the open face o f  the 
arachno-carbaborane. to  y ie ld  the ten vertex  decaborane-like 
framework. Thus the 11B spectrum o f  (1 ) shews seven o f  the e igh t 
expected resonances fo r  an asymmetrically substituted framework, with 
one resonance in tegrating to  a tw o-fo ld  r a t io ,  due to  co incidenta l
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ov e r la p  (see  Figure 56 ). The 1H n.m.r. spectrum exh ib its  resonances due 
to  seven hydrogens, two inequivalent B-H-Ru protons a t
h igh er f i e ld ,  a s in g le  C-H proton and the aromatic hydrogens o f  the 
triphenylphosphine ligands. The 31P n.m.r. spectrum shows three 
resonances o f  which two are assignable to  the Ru(CD) (PPh3> fragment 
and one to  the cage substituted triphenylphosphine group. The presence 
o f  a  metal carbonyl group is  ind icated by an in fra red  absorption a t 
1965 can 1. The n.m .r. data obtained fo r  ccrnpourds (1 ) and (2 ) are 
c o l la te d  in  Table 8 .
o -  BH •  • «  - R u ( j ) . p  0 .  c  0 * 0  o - H
Figure 55. A lte rn a tive  structures fo r  the nido 


























BCKON-11 AND PRQTON N.M.R. DATA
Tenta t ìv e  Compound(1 ) Ccmpound(2)
Assignment
11B
(p .p .m .)
1H





8 23.2 3.98 18.4 4.57
7 1 1 . 1 3.43 1 1 .0 3.35
1,3 8 .2 3.22 6.9 3.77
1.3 4.8 2.98 2.8 3.53
5 -4 .8 B-P -6 .0 B-P
10 -4 .8 2.73 -6.5 3.29
2,4 - 1 1 .6 1.83 -13.5 2.90






























Table 8 . Bore«--11, proton and phosphorus-31 n.m .r. data I[p.p.m .)
fo r  thè nido metallacarbaboranes (1 ) and ( 2 ) .
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The co rre la tion  o f  the n.m.r. resonances to  the predicted 
structure fo r  compounds ( 1 ) and ( 2 ) were made as fo llow s, considering 
s p e c if ic a lly  the assignments made fo r  the ruthenacarbaborane ( 1 ) .
A series  o f  s e le c t iv e ly  1 1 B decoupled 1H spectra shews each o f  
the seven boron resonances to  be associated w ith  a terminal hydrogen 
(see Figure 57 and Table 8 ) .  The 11B resonance with a two-fold 
in tegra l is  a lso  found to  be associated w ith on ly a s ing le  hydrogen, 
thus indicating the overlapping o f  a B-H and B-P resonance.
S e lec tive  decoupling o f  the 11B resonances a t  -4.0 p.p.m. and 
23.2 p.p.m. resolves the two high f i e ld  hydride resonances (-8 .72 ,
-8.9 p.p.m .) in  the 1H spectrum in to  a doublet and s in g le t 
respective ly . The h ig h - fie ld  s h ift  o f  these resonances ind icates th e ir  
coordination to  the ruthenium atom, w h ils t reso lu tion  on boron 
deooupling ind icates they a lso  bridge to  the adjacent boron atoms on 
the open face o f  the c lu s te r . Broad band 31P deooupling fu rther 
resolves the low f i e ld  hydride doublet resonance in to  a s in g le t, 
^J (31P-Ru-1 H) -  50 Hz. The coupling constant i s  o f  the order 
previously reported fo r  such a trans coupling185, and thus enables 
unambiguous assignment o f  the B(8,10) resonances and the hydride 
resonances that bridge these boron atoms t o  the ruthenium atom.
A further e f fe c t  o f  broad band 31P deooupling is  the removal o f  
a small coupling displayed by the C-H resonance, 3J (31P-B-C-1H) -  12.5 
Hz, reasonably in d ica tin g  phosphine substitu tion  a t  one o f  the B (2) or 
B (5,7) boron atoms ¿idjaeont to  the carbon atom o f  the assumed 
9,6-RuCBg decaborane-like structure.
The oerparisen o f  11B s h ifts  o f  (1 ) w ith  those o f  the 
oarbaborane [CBgH^]-  and the isoe lec tron ic  ruthenaborane 
(CD) (PPh-j) 2 (CD)RuBgH11 ( PFti^) analogue11, does not enable d e f in ite
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assignment o f  the substitu tion pos ition  to  be made, although the 
asymmetry o f  the 11B n.m .r. spectrun does favour B(5,7) substitu tion , 
as proposed fo r  the borane analogue noted above. The substituted boron 
atom was subsequently confirmed to  be B(5) from the X-ray structure 
determination o f  compound (1 ) ,  thus enabling the previously noted B-P 
resonance to  be unambiguously assigned as B (5 ), though the 31P 
coupling is  unresolved.
Of the remaining f i v e  unassigned resonances, the resonance a t
1 1 .1  p .p.m ., i s  fa r  broader than the re s t , in d ica tin g  that i t  may be 
due t o  the remaining boron atom on the open fa ce  o f  the c lu s te r , B (7 ). 
Such co rre la tion  o f  resonance between 11B linew idth  find c lu ster 
pos ition  has been noted by Greenwood e t  a l185.
The four remaining 11B resonances are there fo re  a ttr ibu tab le  to  
the B(1 ,2 ,3 ,4 ) atoms. Though unambiguous assignment is  not possib le  in 
th is  instance, ten ta tiv e  assignment can been deduced from comparison 
o f 11B sh ie ld ing patterns o f  (1 ) w ith  those o f  decaborane(14)155. 
Subsequent spectroscopic data obtained fo r  s im ila r  substituted 
nido-ruthenacartoaborane species (compounds (4 ) and (5 ) discussed in  
Section 3 .2 ) has provided support fo r  the assignments given in  Table 0.
Of the three resonances in  the 31P spectrum a t 50.1, 39.3 and 
8 .8  p.p.m. resp ec tive ly , the two lo w -fie ld  resonances both show a 
email doublet coupling 2J (31 P-Ru- 31 P ) -  25 Hz, consistent with a c is  
d ispos ition  o f  the two phosphine substituents on the ruthenium cen tre. 
The resonance a t 39.3 p.p.m. a lso  shews the trams coupling observed 
fo r  the lower f i e ld  hydride resonance in  the 1H n.m.r. spectrun and is  
th erefore assignable to  the equatoria l phosphine. The h igh fie ld  
resonance, being a broad unresolved quartet, i s  assigned to  the cage
substituted phosphine.
The 1 1B, 1H and 31P n.m.r. spectra o f  (2 ) are very s im ila r  to  
those o f  (1 ) .  A minor point o f  in te res t i s  that o f  the three 
resonances in  the 31P n.m.r. spectrun, a t  18.8, 10.4 and 8 .8  p.p.m. 
resp ec tive ly , the B (cage)-P  resonance occurs with exactly  the same 
s h if t  in  both ( 1 ) and ( 2 ) .  The other two resonances each show a c is  
coupling [ 2J ( 31P-Os-31P) -  10 Hz], w ith the equatorial phosphine 
having the add itiona l trans coupling [ 2J ( 1H-Ob- 31P) -  44 H z].
Of the four possib le asynroetric structures shown in  Figure 55, 
type (d ) is  elim inated since spectroscopic evidence shows on ly one o f 
the metal bound phosphines is  trans to  the hydride atoms. A l l  o f  the 
structures (a ) to  (c )  are thus consistent w ith the observed n.m.r. 
data and are th ere fo re  the a lte rn a tive  postulated structures fo r  the 
ruthenium and osmium carbaboranes (1 ) and (2 ) .  I t  is  in co rrec t to  
assume that structure (c )  would be un likely  to  produce the observed 
deviations from a 1 :1 :2 :2 :2  pattern in  the 11B n.ra.r. spectra as 
expected o f  a symmetric molecule because the asymmetry is  s o le ly  due 
t o  the d isp os ition  o f  the rutheniun bound ligands. The ruthenaborane, 
((OOMPPtVjl^RuBgfij j ] 185, fo r  exanple, exh ib its  asynmetric s h ifts  o f  
the 11B n.m .r. resonances o f  equal magnitude to  those found fo r  
oonqpcund ( 1 ) regardless o f  the absence o f  a cage substituent.
The ava ilab le  spectroscopic data are unable to  d i f fe r e n t ia te  
between the three a lte rn a tiv e  structures fa r  acrpounds (1 ) and (2 ) .  In 
an a t te n d  to  discrim inate between structures (a ) ,  (b ) and ( c ) , the 
11B CDSY n.m .r. spectrum was obtained. Unfortunately, because o f  the 
wide linsw idth o f  the resonances observed fo r  th is  ruthanacarbaborane, 
the experiment was unsuccessful. Sim ilar fa ilu r e  o f th is  technique was 
experienced fo r  a l l  other raatallacarbaboranes prepared during the 
aourse o f  th is  work, w ith the exception o f  those auracarbaboranes
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described in  Chapter 4 .
In order to  deduce the pos ition  o f  the cage phosphine 
substituent w ith  respect to  the metal exo-polyhedral ligands, and 
because structura l parameters were requ ired fo r  ccrpara tive purposes 
w ith  the arachno compound (3 ) described below. X-ray d i f fr a c t io n  
studies o f  both ( 1 ) and (2 ) were undertaken, the d e ta ils  o f  which cure 
g iven  in  Chapter 5.
Ctmpounds (1 ) and (2 ) are iscmorphous and adopt a nldo ten 
vertex  c lu s te r  structure, with the carbon and metal atoms in  the 6-  
and 9-positions resp ec tiv e ly , w ith the phosphine cage substituent in  
the 5 -position  (Figure 58 shows the ruthenium ocrpound). A l l  sk e le ta l 
atoms were located , w ith  the presence and pos ition  o f  the b ridging and 
term inal hydrogens being in ferred  from the n.m .r. data as discussed 
above. The pos ition  o f  the carbon atom was in ferred  from the observed 
bond d istances and the thermal parameter behaviour. The sk e le ta l bend 
distances fo r  both compounds (1 ) and (2 ) are g iven  in  Figures 59 and 
60 resp ec tiv e ly , with a comprehensive l i s t  given  in  Chapter 5.
The phosphine substituent is  found t o  be syn with respect to  the 
carbonyl ligand on the ruthenium atom, due probably to  a s te r ic  
requirement. The metal bound phosphines are  mutually c is .  one being 
trams to  a bridging hydrogen as pred icted  from the n.m .r. data . Both 
enantiomers o f  th is  c h ira l molecule a re  present w ith in  the u n it c e l l ,  
¿us indicated by the centrosyrametric space group.
A l l  bond lengths a re  w ithin the ranges found in  previous 
metallacarbaborane structures. The most notable feature i s  the short 
bond distance o f  -  155 pm between the cage carbon and adjacent boron 
atoms B (5,7) in  the open face o f  the c lu s te r , compared w ith that
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C (236)1
Figure 56. Drawing o f  the X-ray c r y s ta l log rap h ica lly  determined 
molecular structure o f  the ruthenacarbaborane 
n ido-[9-(O D )-9 ,9-(PPh3 ) 2-9,6-RuCB8H12 -5-(PPh3 )J (1 ) .  
(Osmium analogue not i l lu s tra te d  but i s  e s s en t ia lly  id en t ic a l)
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Figure 59. Skeletal in teratom ic distances (pm), with standard
deviations in  parenthesis, fo r  the ruthenacarfasborane 




C (1) P (2 ) P O )
Figure 60. Skeletal in ters  ton ic  d istances (pm), with standard 
deviations in  parenthesis, f o r  the osmaacartoaborane 
n id Q -[9 -{C O )-9 ,9 -(P ^ i2 )2-9,6-OmCB8H 2^-5-(P S^ 3 )] ( 2 ) .
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o f  -  175 pm to  the boron a tan B (2) in  the basal plane. This may 
ind ica te an sp2 l ik e  bending mode fo r  the C-H group, d irected  more 
towards the open fa c e  o f  the c lu s te r , with the tangential p o rb ita l 
involved in  bonding to  the basal boron atom. The a x ia l phosphine shows 
a Ru-P distance some 5 pm longer than that fo r  the c is  phosphine 
ligand.
The coord ination  geometry a t the ruthenium atom is  that o f  a 
d is to rted  octahedron, w ith the Ru-P(2) and Ru-B(4) being the a x ia l 
vectors , w ith  Ru-P(1) ,  Ru-CO, Ru-H(8,9), and Ru-H(9,10) vectors ly in g  
in  the downward d is to r ted  equatoria l plane.
The isemorphous osmacarbaborane (2 ) shows no gross d evia tions in  
sk e le ta l geometry o r  interatomic distance oonpared to  that observed 
fo r  the ruthenium ccnpound (1 ) .  The same pattern in  bonding a t  the 
carbon-boron and metal-phosphine vectors i s  a lso  found. The 
B (cage)-P (3 ) d is tance  is  marginally shorter in  (1 ) than in  (2 ) .  The 
carbon o f  the carbonyl group is  seme 15 pm c lo se r  to  the osmium atom 
them is  found in  th e  ruthenium analogue. However, other distances 
around the osnium atom mirror the pattern and magnitude found in  the 
rutheniun analogue.
A formal e le c tro n  count where the metal atom provides two 
e lectrons and th ree o rb ita ls  fo r  the sk e le ta l bonding, as
R u (I I )/ O s (I I ) ,  g iv e s  the twelve SEP's required fo r  a nldo structure 
29based on the octadecahedron . The metal atoms thus adopt an 18 
e lec tron  con figu ra tion  with a quasi-octahedral geometry, the three 
bonding o rb ita ls  in  the cluster being la rge ly  associated w ith the two 
bridging hydrogen atoms between B(8 ) and B(10) and the metal, w ith  the 
other one being more involved in  the metal-B(2) bond. This c lu s te r  is  
an analogue o f  the recen tly  reported185 ruthenium (II) borane
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[(C30)(PPh3 )2RuB9H11 (PPh3 ) ] ;  the need fo r  th e  presence o f  the phosphine 
on the cage in  ( 1 ) and ( 2 ) to  provide the ex tra  ske le ta l e lectron  is  
c le a r ly  apparent. Further ocnpar isons o f  th e  two structures with the 
arachno compound are g iven  below.
The arachno [ (»I-CjHj XH) (PPh^RuCBgRj2J, (3 ) ,  was obtained as 
ye llow  crys ta ls  in  67% y ie ld  from the a c tion  o f  [CBgH^]-  on 
[RuCl(»1 -C^Hg) ( PPhj)2 ] in  a d ie th y l ether-benzene solvent mixture. In  
comparison with the previous reaction  to  form the nido ruthenium and 
osmacarbaboranes ( 1 ) and ( 2 ) ,  which was oo rp le te  in  under one hour, 
th is  reaction  required two days a t r e flu x  b e fo re  the carbaborane 
reagent was completely dep leted. This s low er reaction ra te  might be 
expected to  resu lt from the lower re flu x in g  tenperature o f  the 
ether-benzene mixture employed in  the la t t e r  reaction compared to  the 
benzene re flu x  temperature used in  the form er. This however c o n flic ts  
w ith  the observation that n e g lig ib le  reaction  was observed when 
benzene was used as the so lvent.
A possible pathway to  compound (3 ) may involve the formation o f  
a c a t io n ic  ruthenium species fo llow ed by metathesis with oonocmitant 
lo ss  o f  a phosphine ligand from the ruthenium centre.
[RuClCtv-c5H5)(PPh3)2l ----------> tRun-CjHjMPPhjijJ^ ♦ C l"
LilCBgH^] ♦ [Ruf*V-CgHg) (PPh3 >2 ]C1 ---------- »
[(tv-C5H5 )(H )(PPh3 )Ru(CB8H12) ]  ♦ L iC l ♦ PPhj
Thus, the observation o f  an improved reaction  ra te  when a d ie th y l 
ether-benzene solvent mixture is  used, compared to  benzene alone, may 
r e f le c t  the better so lva tion  o f  the d issoc ia ted  ions formed from the
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ruthenium precursor d issoc ia tion  step in  the more polar so lven t 
mixture.
The structure o f  (3 ) cannot be deduced unambiguously frcm the 
11B n.m .r. data. Though le ss  l ik e ly  than the favoured 9 ,6 - substituted 
decaborane(14) l ik e  structure, subsequently confirmed by X-ray 
crysta llograph ic ana lys is , a 10,5- (o r  even 8 ,5 ) subrogated framework 
as found fo r  the [ 1 ] c lu ster1®7, would in  p r in c ip le , be
expected to  y ie ld  the observed n.ra.r. behaviour.
W hilst the presence o f  the [R u H ^ -C ^ ) (PPt^) ] fragment renders 
the e igh t cage borons inequ ivalent, there i s  in  th is  cause a ls o , a 
coinciden ta l overlap  o f  two resonances since on ly  seven resonances are 
observed (See Figure 61 and Tfcble 9 ) .  The th irteen  hydrogens were 
detected in  the 1H n.m .r. spectrum, and id e n t if ie d  as a r is in g  from 
e igh t terminal B-H, two bridging B-H-B, two C-H, and one Ru-H protons. 
The protons o f  the cyclopentadienyl group and the phosphine ligand are 
a lso  observed, w h ile the 31P n.m .r. spectrun shows a s in g le  resonance 
as expected, a t 39.3 p.p.m. The hydride resonance frcm the Ru-H bond 
exh ib its  two couplings, one from the adjaoent phosphorus atom o f  the 
phosphine ligand, which occupies a position  c is  to  the hydride 
[ 2J ( 31P-Ru- 31P) -  29 H z], With reference to  the found 6,9 substituted 
c lu s te r  structure, the other ana ller coupling a r ises  from a th ree bond 
coupling to  a term inal B-H proton on e ith er the B(8 ) o r  B (10) atoms 
bonded to  the metal in  the open face o f  the c lu s te r . The coupling 
[ 2J(H-Ru-B-H)~5 Hz ) is  removed by s e le c tiv e  decoupling o f  the three 
term inal B-H resonances near ♦ 2.5 p.p.m., although the off-resonance 
e f fe c t  d id  not a llow  the unambiguous id en tif ic a tio n  o f  the p rec ise  
beta-hydrogen involved. In  addition decoupling ( 1H-1H) o f  the lower 





























BCBCN-11 AND PROTON N.M.R. DATA
Ten ta tive
Assignment 11B
(p.p .m .) (p .p .m .)
4 20.8 4.1
2 1 1 .0 3.3
10 -9 .9 2.5
5,7 -11.3 2.54
5,7 -11.3 0.9
8 -17.2 2 .2
1,3 -29.8 1 .2
1,3 -31.2 0.7
1 .0
C<6 ) - H< «te > 0 .1
B(5)-H-B(10) - 2 .0
B(7)-H-B (8) -2 .3
Ru (9 ) -H -9 .5
PPh3 7.3-7 .5
4.8





1 »b l» »• Boron-11, proton turi phosphorus-31 n.m.r. data (p.p.ni. 
for the arachno ruthenacarbaborane (3 ).
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whereas the same operation with the high f i e l d  bridging B-H-B has 
ccrpara tive ly  l i t t l e  e f f e c t .  These observations are compatible with 
the Ru-H being disposed to  one side o f  the open face  o f  the c lu ster, 
and, while the Ru-H hydrogen was not detected  in  the c rys ta l structure 
an a lys is , the r e la t iv e  positions o f  the (Q-H^) and PPh.^  ligands around 
the metal centre suggest that the hydrogen i s  located as shown in 
Figure 63. The high f i e ld  C-H resonance i s  a lso  sharpened on 
decoupling ( 1H-1 H) the b ridging B-H-B protons, and thus ar ises  iron 
the endo-C-H w h ile  the low f ie ld  C-H resonance i s  due to  the exo-C-H 
proton.
The e f fe c t s  o f  s e le c t iv e  11B and 1H decoupling on the 1H n.ra.r. 
spectrun allows co rre la tion  o f  the 11B and 1H spectra, and sane 
lim ited  assignments o f  the resonances (see  Table 9 ) .  For exanple, a 
s e r ie s  o f  s e le c t iv e ly  11B decoupled 1H spectra show each boron atom to  
be associated w ith  a term inal hydrogen. S e le c t iv e  decoupling o f  the 
11B resonances a t  -9 .9 (1B ), -11.3(2B ), and -17.2(1B ) p.p.ra. sharpens 
the resonances from the bridging hydrogens a t  -2 .0  and -2.3 p.p.ra., 
thus assigning the former as the four boron a tons in  the open faoe o f  
the c lu s te r . More s p e c i f ic a l ly ,  decoupling o f  the 11B resonance at 
-11.3 p.p.ra. sharpens both o f  the proton resonances (B-H-B) a t -2.0 
and -2 .3  p.p.m ., strongly suggesting that th is  resonance is  due to  the 
two boron atoms B (5 ,7 ), since o f  the four boron atoms in  the open 
fa ce , these are the two most l ik e ly  to  possess s im ila r  chemical and 
e le c tron ic  environments, in  the absence o f  any endo-cage substitu tion. 
As expected, decoupling o f  the 11B resonances a t -9 .9  and -17.2 p.p.m. 
sharpens the b ridging proton resonances a t  -2 .0  and -2.3 p.p.ra. 
re sp ec tive ly , and are assigned to  B(8,10) atoms. The observed 
sharpening o f  the Ru-H resonance on decoupling the low f ie ld  bridging
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hydrogen ( - 2 .0  p .p .m .) ,  as noted above, does however Id en tify  the 
lower f i e ld  11B resonance (-9 .9  p.p .ra.) as being due t o  the B(10) 
atom. Furthermore, the three resonances a t  -9 .9 , -11.3 and -17.2 
p.p.m. are  broader than the others appearing in  the spectrum, and the 
assignments th ere fo re  a lso  re in fo rce  the e a r l ie r  observations1 3 that 
the boron atoms in  the open face o f  the decaborane-like skeleton 
usually g iv e  r is e  to  broader resonances and v ice -versa . Of the four 
remaining boron resonances, those a t  -29.8 and -31.2 p.p.m. are 
te n ta t iv e ly  assigned to  B(1,3 ) atoms because o f  th e ir  s im ila r 
environment w ith in  the c lu s te r . Decoupling the 11B resonance a t  20.8 
p.p.m resu lts  in  a s lig h t  sharpening o f  the resonance from the Ru-H 
proton, and th is  resonance has th ere fo re  been assigned to  B (4 ). By 
e lim ination  the remaining B (2) p o s it ion  has been assigned to  the 
resonance a t  1 1 .0  p.p.m.
The structure o f  (3 ) determined by a s in g le -c ry s ta l X-ray 
d i f f r a c t io n  study is  shown in  Figure 63, w ith  the sk e le ta l bond 
d istances g iv en  in  Figure 64, (see a lso  Chapter 5 ). A l l  s k e le ta l atoms 
were located except fo r  the hydride on the rutheniun atom, i t s  
p os ition  being in ferred  from spectroscopic evidence. This deduction is  
confirmed by the substantial d iffe ren c e  between the P(1 )-Ru (9 )-B (8 ) 
m l  P(1)-Ku(9)-B<10) angles [8 9 .» (2 )  ana 111 .9 (1 )°] which c l .a r ly  
ind ica te tha t the metal hydrogen bond i s  on the same s id e  o f  the metal 
as B(10).
The o v e r a l l  geometry o f  the c lu s te r  resembles that o f  the 
arachno-[B10H14] 2~ anion, as ind icated by the position  o f  the two 
bridging hydrogens on the open face  o f  the c lu s te r , and the CHj group 
a t the a p ica l ve rtex .
The geometry around the ruthenium metal is  approximately
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C (S2 ) CC51)
Figure 63. Drawing o f  the X -ray  c rya ta llo g rap h lca lly  determined 
molecular structu re o f  the ruthanacarbaborane 
a ra d SS -(9-(Fl - c 5H5 )-9 -(H )-9 -(PFh 3 )-9,6-RuC88H1 J J (3 ).
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C<6)
C<51)  -  C(55) P (D
F igu re  64. Skeletal interatomic distances (pm ), w ith  standard
deviations in  parenthesis, fo r  the ruthenacarhaborane 
ararfmo-[9-(rx-C5H5 )-9-(H )-9-(PPh3 ) - 9 , 6 - 111^ ^ 2 ] (3 ) .
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dodecahedral w ith  the carborane ligand and cyclopentadienyl ligands 
both occupying th ree  coordination s ite s .  The remaining two coord ination  
s ite s  are occupied by the phosphine and hydride ligands. The increase 
in  coordination number o f  the ruthenium metal in  th is  ocnpound compared 
to  that in  the n id o  ruthenacarbaborane ( 1 ) ,  resu lts  from the loading 
o f  the metal w ith  the cyclopentadienyl ligand in  addition  t o  the 
phosphine, carbaborane and hydride groups.
A l l  in te r -a to n ic  distances are in  the expected range, though 
d ifferen ces  between the gross geometry o f  th is  arachno c lu s te r  and the 
nido compounds ( 1 ) and (2 ) are found. The presence o f  a CH  ^ group on 
the open face  o f  th e  c lu ster is  in d ica tive  o f  the arachno c la s s  o f  
carbaboranes. The inter-atom ic distances from the carbon atom to  
adjacent boron atoms have a more even d is tr ibu tion  than those found in  
the nido c lu s te rs  ( 1 ) and ( 2 ) ,  w ith  the shortest bond now found t o  be 
that to  B (2) in  th e  basal plane. The angular d ispos ition  o f  B (2 ) ,
H(61) and H(62) about the carbon i s  approximately te trah ed ra l. Th is  
can be In terp reted  as an sp^ hybridised carbon with strong bonds t o  the 
two attached hydrogens and B (2 ), w ith the fourth o rb ita l in vo lved  in  
bonding t o  the ad jacen t borons B (5 ,7 ) on the open face.
The fundamental d ifferen ce  in  c lu ster geometry, expected from a 
Wade type o f  s tru c tu ra l c la s s if ic a t io n 29 between the nido m eta lla - 
carbaborane compounds ( 1 ) and ( 2 ) ,  and the arachno metallacarbaborane 
(3 ) Is  th e ir  con form ity to  eleven and twelve vertex  polyhedra 
resp ec tive ly , namely the octadecahedron and icosahedron. Though a n a ll, 
such d iffe ren ces  in  geometry should manifest i t s e l f  in  the len g th  and 
breadth o f  the open face o f  the c lu s te r , since in  the two cases the 
open face should be so disposed as to  accommodate one and two 
unoccupied v e r t ic e s  respective ly . However, because o f  the overwhelming
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s iz e  o f  the metal atcm in  both types  o f  aanpound such d iffe ren ces  are 
not observed a t o r around the m etal vertex , both w ith regard to  length 
and breadth o f  the open fa o e . However, the width o f  the arachno c lu ster 
(3 ) ,  B (5) t o  B (7 ), is  sane 25 pm w ider them in  nido compounds (1 ) and 
(2 ) .  Such a widening is  expected in  an arachno ten atom c lu ster due to  
conformation o f  the open faoe  to  th e  ioosahedral structure less  two 
pentahapto v e r t ic es , compared t o  the more condensed eleven vertex  nido 
octadecahedral structure in  which one s ix  coordinate vertex  is  
unoccupied.
The structure o f  compound (3 )  is  c lea r ly  s im ila r to  e ith e r  the 
arachno-[B.jqH ^ ]2"  anion, w ith  th e  CHj and metal v e r t ic es  subrogating 
the tvro [BH]2- v e r t ic e s , o r  the dicartaaborane analogue, arachno -6 ,9 - 
-C jB gft^ , w ith  one o f  the CHj v e r t ic e s  subrogated by the 
RutHXn-CgHgHPPhj) fracjnent.
The ccmpcund (3 ) presents an in teresting  problem with regard to  
the usual e lec tron  counting procedure. I f  the ruthenacarbaborane (3 ) 
i s  considered to  be an arachno c lu s te r ,  (26e; 13 SEP 's), th is  in fe rs  
that the carbaborane ligand [CBgFLj 2 1 can be considered to  be a hypho 
c lu s te r , thus a lso  having an SEP count o f  th irteen , ind icating a 4- 
charge. The oxidation s ta te  o f  the ruthenium metal centre is  thus 
indicated to  be is  Ru (V I), from coordination o f  the cyclopentadienyl 
ligand, hydride and n o tion a lly  [CBgH ^l*-  carbaborane ligand. The Wade 
type ca lcu la tion  o f  the e le c tron  contribution o f  the 
Ru(H)(T\rC5H5 )(PEh3) fragment t o  c lu s te r  bonding is  a lso  found to  be 
four e lec tron s, thus agreeing w ith  the proposed oxidation s ta te .
This descrip tion  i s  however based on the consideration o f  the 
Ru-H hydride as being an exo-m etal bound ligand not pa rtic ipa tin g  in  
the c lu s te r  bonding o r  con tribu tin g  to  the sk e le ta l e lectron  count.
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I f  however th is  metal hydride i s  considered to  be ¿in endo c luster 
hydrogen, then the two electrons associated w ith  i t  account fo r  two o f  
the fou r donated by the ruthenium fragment thus in d ica tin g  a Ru(IV) 
ox idation  s ta te . In  other words, the Ru^-CgHg) (PPh j) fragment 
contributes three e lectrons to  ske le ta l bonding, w ith  a twenty-six SEP 
count achieved from the twenty-three e lectrons o f  the [CBgH^]3- 
carbaborane ligand, which includes the e lec tron  from the endo hydrogen 
associated with the metal vertex . The ruthenium metal i s  now seen to 
have a Ru(IV) oxidation s ta te  by coordination o f  the eyelopentadieny 1 
ligand and [CBgH^]3“  carbaborane ligand. This la t t e r  descrip tion  o f 
the ruthenium oxidation sta te  and e lectron ic  con tribu tion  is  prefered, 
sinoe the Ru (H)onf^(/t-C^H^)(PPh^) fragment o f  ocnpound (3 )  i s  c lea rly  
analogous to  the [m ( j r t o )H(M<0|]~ vertex o f  the arachno-[B1 qK ,, )2"  
anion as noted e a l ie r .
The ra tion a lisa tion  o f  the e lec tron ic  con tribu tion  o f  metal 
bound endo hydrogens is  not a new problem, and has been discussed 
previously as in  the case o f  the ¿irachno [ (HlrBgHj 2> (00 ) (P M e ^ J 188, 
where the Ir-H^<>ritV^  proton contributes to  the c lu s te r  e lec tron  count, 
although no bonding in teraction  with the c lu ster i s  observed. The same 
s itu a tion  is  apparent fo r  ccrrpound (3 ),  where there i s  no observation 
o f  a c lu s te r  bonding in teraction  o f  the Ru-H^ ^ ^  hydrogen, thus 
in d ica tin g  that i t  functions as a BHj type endo hydrogen as opposed to  
a « “ -» (b r id g in g )-®  hydro9en*
An in terestin g  comparison (Figure 65) can be made between the 
11B n.ra.r. spectra o f  oenpounds (1 ) and (3 ) and those o f  the 
is o e le c tron ic  boron hydrides and [B ^ H ^ ]2- re sp ec tiv e ly . The
most immediate observation o f  the trends w ithin these fou r sets  o f  
spectra , is  the reversal o f  the B(1 ,3 ) and B (2 ,4 ) s h if t s  between the
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Figure 65. Stick diagram o f the 11B n.m.r. spectra o f and
arachno-[B1QH14] 2~ and the ir correlation to the spectra o f 
the isoelectronic and isoetructural metallacarbaboranes, 
nido-[5-(PPh3)-9-((r>)-9,9-(PPh3 >2-9,6-1*1*2^01 (1 ), 
n id o - [5-(PPh3 ) - 9- (a O )-9 , 9-(PPh3 ) 2- 9 , 6-O^B8H10J ( 2 ) and 
a ra d 3n o - [9 - (C 5H5 ) - 9 - (H )- 9 - (P P h 3 )-€,9-RuCB0H12 ] ( 3 ) .
127
nido and arachno c lu s te rs , and moreover the general agreement in  
pattern between the borane and hetero-borane examples w ith in  each 
structura l c la s s i f ic a t io n . C lea r ly , th is  agreement is  more e a s ily  seen 
in  the ccmpound (3 ) ,  where there is  no endo cage substitu tion , adding 
to  the asymmetry o f  the c lu s te r . The high f i e ld  s h if t  o f  the B (2,4) 
and B (1,3 ) resonances in  the nido and arachno compounds resp ec tiv e ly , 
i s  fu rth er evidence o f  the observation1 63 that a boron a ten  which 
connects two boron atoms that are bridged by a hydrogen atom on the 
open face w i l l  have high f i e ld  s h ifts .  In  the case o f  (1 ) and (2 ),  
w h ils t no bridging hydogen is  present t o  ind icate such an e f fe c t  a t 
B (2 ), the d is tr ib u tion  o f  the e lec tron  density  w ith in  the cage 
presumably m irrors the Bg analogues (see Table 6 ) ,  where there cue 
indeed such B-H-B bridges.
A notable down f i e l d  s h i f t  observed in  the nido compounds (1 ) 
and (2 ) ,  is  that o f  the resonance due to  the boron atom B (8 ) .  Fran the 
oanparison o f  the 11B n.ra.r. s h ifts  fo r  B ^ H ^  and [C B g lijj]"  the 
s u b s t itu t io n  o f  the carbon in to  the decaborane (14) skeleton is  
observed to  produce an u p fie ld  s h i f t  o f  13.8 p.p.ra. fo r  the B (8 ) 
resonance, ind ica ting  th is  e f fe c t ,  i f  a d d it iv e , is  substan tia lly  
m odified by more dominant e f fe c ts  in  the ruthenacarbaborane. Two other 
structu ra l features o f  the pos ition  o f  the B(8 ) atom w ith in  the 
framework which may account fo r  th is  observation are apparent.
F ir s t ly ,  i t  is  approximately antipodal to  the exp phosphine 
substituent on B(5) and secondly i t  is  adjacent to  the ruthenium atom.
The tendency fo r  B-H( term inal) P*0600 resonances to  m irror the 
pattern found fo r  the 11B s h ifts  o f  the boron atoms to  which they are 
attached has been long estab lished  as a fea tu re  o f  borane and 
carbaborane c lu sters155. The proton-boron- 1 1 co rre la tion  p lo t  f o r  the
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Figure 66. Proton-boron-11 sh ie ld ing co rre la tion  p lo t  fo r
n ido-[9-(O0)-9.9-(PPh-1)2 -9.6-RuCB0Hi : -5-(PPh:|)1 (1 ) ( O ) ,  
n ido-[9-(OD )-9.9-(PPh3 )2 -9.6-OeCB0H1 2 -5-(PPh3 ) ]  (2 ) ( □ )  and 
a ra r fw - [9 - (C 5H5 )-9 -(H )-9 -(PPh 3 )-6,9-RuCB0H12] (3 ) (£>) and 
nido-[9-(O Q )-9 .9-(PPh :}) I -9.6-RuBDH1 1 -5-/7-(PPh3 ) ) 185 ( • ) .
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compounds (1 ) ,  (2 ) and (3 ) shewn in  Figure 66 i l lu s tra te s  th is  
property.
Greenwood e t  a l  have noted that the slope o f  the l in e  obtained 
from such a p lo t  is  normally about 16s1 ( 11B : 1H) fo r  a number o f  
[MBg] nido decaboranyl species166' 185, provid ing the anomalous s h ifts  
exhibited fo r  the B(4) resonances are excluded. Assignment o f  the B(4) 
resonance i s  thus assisted  by th is  trend, [Note: B (4) here is  
equivalent t o  B (2 ) in  6-MBg d e r iv a t iv e s ].
The same pattern  o f  s h i f t  c o rre la tio n  i s  observed fo r  compounds 
(1 ) ,  (2 ) and (3 ) ,  Figure 66, w ith  a slope o f  16:1 found fo r  both the 
nido and arachno complexes. The d is tr ib u tion  o f  s h ifts  fo r  the 
ruthenacarbaborane ( 1 ) deviate  le s s  from the l in e  than do the 
analogous ruthanaborane s h ifts .  The previously noted anomalous B(4) 
s h ifts  are a lso  apparent fo r  compound (1 ) .  The co rre la tion  is  seen to  
hold ir re sp ec tiv e  o f  the environment o f  the p a rtic ip a tin g  boron atoms, 
excepting the previously noted B (4) p os ition , as shown by oenparing 
the nido and arachno compounds (1 ) and (3 ) .
The grouping o f  s im ila r resonances in  such co rre la tion  p lo ts  fo r  
re la ted  [MBg ] decaboranyl species140 has been ascribed to  p a ra lle ls  
in  the c lu s te r  e le c tron ic  structure. In  oenparing the assignments o f 
the resonances f o r  the ruthenacarbaborane ( 1 ) and analogous 
ruthenaborane species in  Figure 67, an apparent mis-match occurs in  
the grouping fa r  the B(8 ) and B(10) resonances.
Seme confusion ex is ts  about the assignment in  the resonances fa r  
the 5-/7- substitu ted ruthenaborane species [ (CD) (PPh3 )2RuBgH11 (PPtVj) ] .  
In  the paper describ ing th is  compound185 the numbering scheme 
presented w ith  the proposed structure does not corr e spond w ith the 
lumbering used in  the presentation o f  the n .m .r. data, the lumbering
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schemes appear t o  be enantiomeric. The id en tity  o f  the lc w fie ld  11B 
resonance (28 p .p .m .) has been confirmed1 89 to  be that o f  the boron 
atom attached t o  the hydride ( -9.26 p.p.m .) ,  trans t o  the equatoria l 
phosphine, the la t t e r  d isp laying the expected 2J (31 P-Ru- 1 H) coupling 
as published185.  This corresponds to  B(10) in  the scheme employed here 
fo r  the 6-carba-9-metalla decaboranyl d e r iva tiv es . This i s  c le a r ly  in  
contrast to  tha t found fo r  compound ( 1 ) ,  where the lo w fie ld  resonance 
is  that o f  the boron atom attached to  the hydride trans to  the 
carbonyl ligand , as described e a r l ie r .
C lea r ly , even though an addendum has been published189 to  
c la r i fy  the e a r l i e r  mistaken publication185, there remains the 
p o s s ib il ity  tha t the d ifferen ces  in  resonance assignment between the 
ruthenacarbaborane ( (GO)(PPh3 )2RuCBBH10 (PPh3 ) l  ( 1 ) ,  and the ruthenaborane 
[(OOXPPhjJjRuBgRj^ (PPh^)]1®^'189, i s  due to  a wrong assignment in  the 
la t t e r .  There may however, be another explanation, as fo llo w s .
The tvro compounds d i f f e r  in  respect to  the 6-  p o s it ion  by the 
interchange o f  a  CH and BHj group, with the la t t e r  comprised o f  one 
terminal and one bridging hydrogen atom ( t o  one o f  the ad jacent B(5,7) 
boron atoms). A fu rth er possib le d iffe ren ce  is  that o f  the phosphine 
substitu tion  s i t e .  Whilst in  the ruthenacarbaborane (1 ) the 
substitu tion  occurs a t B (5 ), syn t o  the Ru-(CD) group, in  the 
xuthanabarane analogue d if fe re n t ia t io n  between the syn and a n ti s ite s , 
B (5) and B(7) r e sp ec tiv e ly , has not been made.
The11B n .m .r. sh ifts  o f  the three [MBg ] ruthenadecaborane 
ana logue185 t «X »< P P h 3 )jRuB9H1;3 ] ,  [< ro )(roh 3 )2RUB9Rn <H'h3 >) and, 
[(PPh3 )2HRuB9H1 2 (PPh3 ) ]  which are  the unsubstituted, the (5 -  o r  7 -) 
and 10- phosphine substituted products resp ec tive ly , have the B (8 ) ,
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Figure 67. S tick  diagram o f  the 11B n.m .r. spectra o f :
(a ) N ido-[9 -(O D )-9 ,9 -(PPh3) 2-9/6-RuCB8H10-5-(PPh3 ) ]  (1 )
(b ) N ido-l9-<a>)-9,9-<PPh3 )2-9,6-RuB9H1 1 -5-/7-(PPh3)J 
(C) Nido- [9 - (0 0 )-9 .9 - (P P h 3 )2 -9.6-RuBgH13
(d ) N ido-[9 -(H )-9 .9 -(PPh 3 )2-9.6-RuBgH12 -10-(PPh3>1
(e ) N i^ - [9 - (C D )-9 ,9 - (P P h 3 )2-9,6-RuB9H1 1 -5-(PPh3) ]  .
(Data fo r  (b ) - (d )  taken from references 185 & 189. The B (6 ) 
resonance in  the p red ic ted  spectrum (e )  i s  not a tta in a b le .)
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the a lte rn a tiv e  resonance o f  the B(8,10) pa ir. The s h i f t  observed fo r  
the ruthenacarbaborane ( 1 ) fo llow s that o f  the non-subetituted and the 
B(10) substituted analogues (the f i r s t  and th ird  compounds given 
above), w ith  the m odification that the s h ift  d if fe r e n c e  is  much 
la rge r .
A possible pattern o f  these sh ifts  is  th ere fo re  that the B(8 ) 
resonance is  a t lower f i e ld  than the B(10) by v ir tu e  o f  i t s  position 
approximately trans to  the Ru-(CO) group. The la rg e r  s h i f t  o f  the B(8 ) 
fo r  the ruthenacarbaborane ( 1 ) is  then a possible e f f e c t  o f  the 
antipodal B(5)-PPh^ group. I f  the la t te r  e f fe c t  is  la r g e  
then in  the 5-/7- substituted ruthenaborane analogue th e  observed 
reversa l in  the B(8,10) resonance position  may re su lt  from the 
overr id in g  e f fe c t  o f  a B(7)-PPh3 group antipodal to  th e  B(10) boron 
atom.
Though th is  pattern suggests that the phosphine substitution in  
the borane analogue o f  (1 ) ,  [ (CO) (PPh3 )2RuB9H11 (PPh3 > ] 185 may be a t 
the 7 - pos ition , i t  i s  conceivable that the d iffe ren c e s  in  the 11B 
n.m .r. spectra are s o le ly  attribu tab le  to  the CH and interchange
A l in e  diagram o f  the relevant 11B n.m.r. sp ec tra  o f  these 
ruthenadecabaranyl species is  given in  Figure 67. Included a lso  is  the 
spectrum predicted fo r  the 5-PFh^ ruthenaborane by th e  add itive  e f fe c t  
o f  substitu tion  o f  (Ru(PPh3 ) (0 0 ) ] and [BfSI-PE*^] in t o  decaborane(14). 
The re levan t sh ifts  were obtained by oonpariaon o f  th e  spectrum o f 
compound ( 1 ) to  that o f  the [CB^H^]“  anion, though t h is  spectrum must 
be viewed with the knowledge that such a gross approximation o f  
a d d itive  e f fe c ts  has not been found to  be genera lly  app licab le .
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h i  Q flX lU N M H ) .N IIX^ R lrm E^ W CARBABC«VCS (RuCB^ F M W O q B )
the swngsis aio qofgnvL aw) MMm  gnpciwB_op 
[ 9 , 9 ^ 4 0 ) ) ( l ^ ) 2-WIIX>-9<6 - f t a ^ -3-C I-S-(PB l3) ]  (4 ) AW  
19j9<9-(0 0 )(P tt i^ 2 :jCTX)-91 6-Ri<^gq^-7-Cl-S-(PT9ij) ]  ( 5 ) ,
A minor product o f  the reaction  o f  [RuCl(00)(H)(PPh3) 3] with 
U [C »8H13] i s  a ch lorinated d e r iva tiv e  o f  the previously discussed 
nido ruthenacartoaborane ( 1 ) .  The product is  formulated as 
[9 .9 #9-(CP)(PPh3 ) : -nido-9.6-RuCB0H0-3-Cl-5-(PPh3)1 (4 ) ,  where the 
decaborane(14) l ik e  framework has the 6-  and 9- positions substituted 
by CH and [RuiPPhj^OD] fragments and has the phosphine and ch lorine 
exo substituents a t  the 5- and 3- positions respective ly .
A further ch lorinated product can be produced by treatment o f  
the nido compound ( 1 ) w ith halogenated solvents (e .g .  CJ^Clj) and is  
formulated as [9 .9 .9-(Q 3)(PPh3 ) 2-n ido-9.6-RuCB0Hj-7-Cl-5-(PPh3 )1 (5 ) .
A s imila r  range o f  n .m .r. measurements have been obtained fo r  
the two chlorinated ruthanacarbaboranes (4 ) and (5 ) as was required 
fo r  the characterisation o f  ociqpound (1 ) ,  (shown in  Ttable 10 ). Since 
the corre la tion  o f  the observed n.m.r. data to  the proposed structures 
(v e r i f ie d  by X-ray crysta llography) fo llow s much the same reasoning as 
described e a r lie r  fo r  compound ( 1 ) a f u l l  analysis is  not required 
here. However, severed, in te res tin g  features o f  the observed 11B n.m .r. 
spectra are discussed belcw a f t e r  the fo llow ing structural discussion, 
and are o f  in te res t with respect to  the r e la t iv e  e f fe c ts  o f  
substituents an the chemical s h ifts  o f  the cage atoms.
The c lu ster boron-11 and proton resonances o f  oaqpounda (4 ) and 
(5 ) are consistent with a n ido  structure analogous to  that o f  the 
ruthenaoarbaborane (1 ) .  The B(8,10) resonances are read ily  assigned
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BCRCN-11 ATP PROTON N .M .R . DATA
Ten tative
Assignment










. )  (p .p .m .)
8 21.5 4.12 8 24.5 3.95
3 14.8 B -d 7 18.4 B-Cl
1 9.8 3.62 1 10.1 3.29
7 9.8 3.57 3 5.5 3.10
10 - 1 .8 2.91 10 -4.7 2.71
5 -4 .7 B-P 5 -9.2 B-P
2 -12.4 1.78 2 - 1 1 .6 2 .1 1










(p .p .m .)
Oonqpound(S)
31p
(p .p .m .)
49.2 50.4
Ru(PPh3l « ju »to rL a l 41.4 39.0
B-iPPhj) 10.5 8 .0
TbM * 10« Baron-11, proton and phospharus-31 n.ra.r. data (p .p .ra.) 
fa r  the nldo metallaaarbaboranes (4 ) and (5 ) .
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from sharpening o f  the bridging B-H-Ru proton resonances in  s e le c t iv e  
1H{1 1 B} decoupling experiments. The id en tif ic a tio n  o f  a term inal) 
hydrogen on B(8,10) a lso  elim inates the p o s s ib il ity  o f  exo substitu tion  
a t these sk e le ta l boron a tans. The presence o f  a co rre la tion  a t  the 
B (2) and B(4) resonance group in  the proton-boron-11 s h i f t  c o rre la tio n  
p lo t  (see Figure 68 ) fo r  compounds (1 ) ,  (4 ) and (5 ) ,  a lso  reasonably 
elim inates substitu tion a t these boron a tans, as w e ll as a llow ing a 
ten ta tiv e  assignment fo r  these positions.
The exo phosphine substituent is  therefore ind icated to  be 
positioned a t the B (5) o r B (7) boron, as was found fo r  the 
non-chlorinated d e r iva tiv e , with the exo ch lorine pos ition  indicated 
to  be attached to  the B (1 ), B (3) o r  B (5,7) boron a tans. The 
d isp os ition  o f  the two exo substituents (PPh3 and C l) r e la t iv e  t o  each 
other and the o rien ta tion  o f  the ligands on the ruthenium atom i s  
s im ila r ly  unobtainable from the n.ra.r. data. The asymmetry imposed by 
the second substituent a t the positions noted above, would in  
p r in c ip le  enable the ligands on the metal to  adopt the opposite 
o r ien ta tion  to  that found in  compound ( 1 ) ,  without th is  being apparent 
from the n.m .r. data. However, assuming the same structure as that 
found fo r  oonpound (1 ),  the a lte rn a tive  structures fo r  compounds (4 ) 
and (5 ) are the B (1 ), B (3) o r  B{7) chloro-substituted products. Since 
the exo phosphine could be in  a syn o r  an ti pos ition  with respect to  
the Ru-(CD) ligand ( i . e .  BtSi-PPhj o r B(7)-PPh3) there are s ix  
poss ib le  structures, indistinguishable from the n.m .r. data a lone.
In  order to  determine unambiguously the geometry o f  the 
m etal-ligand fracpnent, i t s  d ispos ition  w ith respect to  the carfaaborane 
cage and the d is tr ibu tion  o f  exo phosphine and ch lorin e substituents 
In  the nido-ruthenacarboranas (4 ) and (5 ) ,  each has been characterised
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Figure 68. Proton-boron-11 sh ie ld in g  co rre la tion  p lo t  fo r
n jde-(9-<a>)-9 ,9-<F I’h3 )2-9,6-R iiœ 8H10-5-<pnl3) )  ( 1 ) ( o ) ,  
n id o - [9 - (a ))-9 ,9 - (P P h 3 )2-9,6-RuCBaH3 -3-C l-5-(PPh3 ) ]  (4 ) ( a  ) and 
n ido -ig -IC D l-g^ -IPPh jlj-g .e -R u C B jH j-T -C l-S -IPPh j»! (5 » ( a ) .
Schematic diagrams o f  the s ix  possib le  structures o f  the 
oontxxinds (4> and {5 )  Ind icated from n.m .r. evidence.
Figure 69,
by s in g le -c ry s ta l X-ray d i f fr a c t io n  ana lys is . Drawings o f  the 
crys ta llo g rap h ica lly  determined molecular structures o f  (4 ) and (5) 
and diagrams o f  the sk e le ta l bond distances cure given in  Figures 
70-73, w ith  other crysta llograph ic d e ta ils  g iven  in  Chapter 5.
The c r y s ta l molecular structures o f  the ruthenacarbaboranes (4 ) 
and (5 ) cons is t o f  the pred icted nldo 6,9-MCBQ decaboranyl framework 
with the c lu s te r  phosphine substituent on the B(5) boron a tan, as was 
found fo r  compound ( 1 ) ,  w ith  the further s im ila r ity  tha t, regardless 
o f  the p o s it ion  o f  the ch lorin e  substituent, the exo phosphine i s  syn 
with respect to  the metal carbonyl group. Th is o f  course elim inates 
three o f  the possib le  isomeric structures postulated above. Of the 
remaining 1 - , 3- and 7- ch loro  substituted isomers postulated, the 
ruthenacarbaboranes (4 ) and (5 ) are id e n t if ie d  as 3-01 and 7-Cl 
d er iva tives  re sp ec tive ly .
Notably, the least symmetrical isomer in  terms o f  ligand 
d is tr ib u tion , the 1-C1 product i s  not found. The synthesis o f  the 7-C l 
isomer from the parent ruthenacarbaborane (1 ) is  thus seen to  proceed 
without perturbation o f  the metal environment.
The replacement o f  a term inal hydrogen w ith  a ch lorine atom does 
not a f fe c t  the number o f  s k e le ta l e lectrons a va ilab le  fo r  bonding in 
the framework, hence the ruthenacarbaboranes (4 ) and (5 ) are both 18 
e lectron  d6 R u (I l )  complexes, w ith  the metal contributing three 
o rb ita ls  and two electrons to  the cage, w ith  the metal centre 
possessing a quasi-octahedral bonding geometry, as postulated fo r  the 
lsoe lec tron lc  parent compound ( 1 ) .
The ra ther la rge  e .s .d 's  associated w ith  the inter-atom ic 
distances derived  from the c ry s ta l structure analysis  o f  the 
chloro-ruthenacarbaboranes (4 ) and (5 ) l im it  the discussion o f  th e ir
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Figure 70. Drawing o f  the X-ray c rys ta llo g ra p h ica lly  determined 
molecular structure o f  the ruthenacarbaborane 
nido-[9-(CX))-9,9-(PPh3 )2-9,6-RuCB8H9-3-C l-5-(PPh3 ) ]  (4 )
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Figure 71. Drawing o f  the X-ray c rys ta llo g ra p h ica lly  determined 
molecular structure o f  the ruthenacarbaborane 
n ido-[9-(OQ )-9.9-(PPhj)j-9.6-RuCB 0tij-7 -C l-5 -(P P h j) 1 (5 ) .
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Figure 72 Skeleta l interatom ic distanoee (pm) , w ith  standard
deviations in  parenthesis, fo r  the ruthenacarfaaborane 
r^ - [9 - (C D )-9 ,9 - (P P h 3 )2-9,6-«uCB0H9-3-Cl-5-(PI>h3)] (4 ) .
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cm  p(2) p(D
Figure 73 , Skeletal interatomic distancée (pm), with standard
deviations in parenthesis, for the ruthenaaartoaborane 
rüd g -I^ tC D Î-î^ -iP P ^J j-S ^ -R u C B g l^ -T -C l-S -tP i^ )) (5 ).
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va r ia tion  with respect to  the parent compound (1 ).  With re fe ren c e  to  
compounds (4 ) and (5 ) ,  the sk e le ta l B-B distances are found t o  range 
from 173.8(24) pm to  197.8(23) pm, and are thus w ithin th e  range found 
fo r  the non-chlorinated species. A sim ilar pattern o f  lon g e r  B-B 
distances fo r  the B (7 )-B (8 ) bond, ¿inti to  the Ru-(CO) ligan d  is  
observed, though again the d iffe ren ce  from the ske le ta l norm is  not as 
pronounced as that found in  the nldo-lMB^l decaboranyl sp e c ie s . Hie 
B (5 )-B (10) distances are  a lso  somewhat snaller than the B (7 )-B (8 ) 
d istances as found previously.
H ie most notable feature o f  the skeleta l interatom ic d istances 
o f  the ch loro d e r iva tives  (4 ) and (5 ),  in  comparison to  th e  parent 
compound ( 1 ) ,  is  that the substitution o f  a chlorine atom f o r  a 
hydrogen atom in  both the 3- and 7- positions has only a m arginal 
e f fe c t  upon the general pattern o f  skeleta l distances. D iscern ib le  
va r ia tion s  occur fo r  severa l bonds to  the B-Cl boron atoms, though 
they are  only o f  -3 pm, which i s  comparable to  the e . s . d . 's  observed.
As discussed in  Section 3.1, the cluster boron-11 and proton 
n.m .r. resonances o f  compounds ( 1 ) and ( 2 ) are consistent w ith  the 
crysta llograph ic molecular structures obtained and are r e a d ily  
assigned v ia  peak m u lt ip lic ity , se lec tive  sharpening o f  b r id g in g  
proton resonances and by ccnpariacn to  those o f  decaborane(14), as 
shown in  Figure 65. Hie s im ila r data obtained fo r  compounds (4 ) and 
(5 ) a llow  the unambiguous id en tifica tion  o f  the B(3) and B (7 ) 
resonances by v ir tu e  o f  the absence o f a correlating term ina l hydrogen 
resonance in  the proton spectrum. Whilst the B(1 ,3 ) resonances fo r  
compounds (1 ) (2 ) and (5 ) can be Id en tified  with two resonances in  
each case, they are not unambiguously id en tifiab le . For oompcund (4) 
the B (3 ) resonance is  id en t if ie d  as noted above, but the B(1 )  and B(7)
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resonances overlap, th ere fo re  preventing separate characterisation .
The ten ta tive  assignment o f  the B (7 ) resonance in  compounds (1 ) and 
( 2 ) was made purely on the basis o f  the linewidth, which is  not an 
en t ire ly  sa tis fa c to ry  method, s ince i t s  position  in  the spectrvm is  
very c lo se  to  those resonances assigned t o  the B(1 ,3 ) boron atoms.
The 11B n.ra.r. resonances o f  the substituted boron atoms in  the 
3 -d  and 7 - d  «u b titu tir i B ^ H ^ d  specie«190' 191 stow a downfleld 
s h if t  o f  9.5 and 9.1 p.p.m. resp ec tive ly  compared to  the parent B ^ H ^  
c lu s te r , along w ith a range o f  le s se r  down and u p fie ld  s h ifts  fo r  the 
other sk e le ta l boron atoms. Comparison o f  these downfield s h ifts  found 
fo r  the chloro-decaboranes w ith the B(3)-C1 and B (7 ) - d  resonance 
s h ifts  id en tif ie d  fo r  the ruthenacartaboranes (4 ) and (5 ) reasonably 
ind icate the order o f  the resonances in  the non-chlorinated parent 
ruthenacarbaborane (1 ) as B(7) :B (1 ) :B (3 ), as shown in  Figure 74. This 
o f  course agrees w ith  the assignment fa r  B(7) on the basis o f  
linew idth noted e a r l ie r .  The respective  downfield s h ifts  are thus 10 .0  
and 7.3 p.p.m. in  the 3- and 7- chlororuthenacarbabor anes (4 ) and (5 ) ,  
the la t te r  being somewhat less than the 9 p.p.m. found in  B ^ H ^ d  
der iva tives .
Seme ambiguity a r is es  because the B(7) downfield s h ift  could be 
10.2 p.p.m. g iv in g  the a lte rn a tiv e  B(1 ):B (7 ):B (3 ) assignment fo r  the 
ruthenacarbaborane (1 ) (see Figure 7 4 .),  w h ilst s t i l l  reta in ing the 
10.0 p.p.m. dcwnfield s h i f t  fo r  B (3 ). The -2 p.p.m. d iffe ren ce  i s  o f  
the order found fo r  the lesser changes in  chemical s h i f t  id en tif ie d  
fo r  resonances o f  o ther non-substituted ske le ta l atoms in  the ch loro- 
decaboranee. In  the present work a su itab le  method f o r  corre la tin g  a l l  
o f  the observed chemical s h i f t  changes o f  the ruthenaoarbaboranes 
characterised with those o f  the chloro-decaborane c lu sters has been
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F igure 74. S tick  diagram o f  the 11B n.m .r. spectra o f
riido-[9-(C r))-9 ,9-(PPh3 ) 2-9,6-RuCB8Hg-5-(PPh3 ) ]  (1 ) ,  
u ido-[9-(CP )-9 .9 -(PPh3 )2 -9.6-RuCB0H0-3-C l-5-(PPh3 )1 (4 ) areJ 
n i ^ - [ 9-(CX))-9 , 9-(PPh3 ) 2- 9 , 6-RuCB8H8- 7 -C l-5-(PPh3 ) ]  (5 ) .
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devised , namely a 1 1 B-11B s h i f t  oo rre la tlon  p lo t  (not to  be confused 
w ith  the spectroscopic COSY technique). P lo ttin g  the 11B resonance 
chemical s h ifts  fo r  the non-substitutad species (X -a x is ), i . e .  
decaborane(14) and the ruthenacarbaborane ( 1 ) ,  against those o f  the 
substituted oanplex (Y -a x is ), i . e .  3-C l (o r 7-C l ) decaborane and the 
3-C l ruthenacarbaborane (4 ) [o r  oanpound (5 ) ]  g iv es  the diagram shown 
in  Figure 75. By jo in in g  the poin ts assigned to  s im ila r a tans, the 
p lo t  read ily  d isp lays  a l l  o f  the information required to  c o rre la te  the 
changes in  chemical s h i f t  between the two analogous sets o f  
non-substituted and substituted complexes. C learly  i f  the s h i f t  
changes are p rec is e ly  add itive  then a l l  lin es  jo in in g  s im ila r a tons 
would be p a ra lle l t o  the d iagonal. Deviations from th is  p a ra l le l  thus 
e ith e r  ind icate a wrong assignment o r  the non-add itiv ity  o f  the 
s h if t s ,  depending an the magnitude o f  the dev ia tion . The displacement 
o f  the lin es  above o r  belcw the diagonal depend upon the magnitude o f 
the changes in  the chemical s h if t  involved.
One inmediate problem o f  such a p lo t i s  fin d in g  a l l  th ree  o f  the 
ooqpounds required to  oonpare w ith  the ccupound under inspection . In 
these cases , recourse has to  be made to  the normal one-to-one method 
o f  comparison.
The diagram shewn in  Figure 75, c le a r ly  shows that the changes 
in  chemica l s h i f t  fo r  the 3-C l and 7-C l ruthenacarbaboranas are  
ad d it iv e  in  a fashion s im ila r to  that found fo r  the analogous 
dacaborana species. The dcwnfield s h i f t  o f  the B(3) and B(7) 
resonances are c le a r ly  seen to  be the most s ign ifica n t and a d d it iv e . 
For the 7-C l ruthenacarbaborane (5 ) ,  the upfia ld  s h if t  o f  the B(5) 
resonance is  a lso  noted to  be s ig n ific a n t, but c le a r ly  an expected 









Figure 75. 1 ' B-11B s h i f t  co rre la tion  p lo t  fo r  the c lu s te r  couples
KPPhjIjRuCBgHjIPPhj)] ( 1 ) against [ (PPhjIjRuCBjHgCKPPhj) ] 
(4 ) ,  (5 ) and B10H14 aga inst Cl-B ^H ^. ( ■ .  3-Cl-tB,,,]! 
a -  7-Cl-[B10l )  and □  .  3-Cl-lRuCBg]; a - 7-C1-IRuCB81).
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The corre la tion s  fo r  the B(7) and B(1 ,3 ) resonances in  the 7-C l and 
3 - d  ruthanacarbaboranes suggest the co rrec t assignment is  
B(7):B (1 ) :B (3 ) as noted e a r l ie r .  A lte rn a tive  assignments g iv e  poorer 
agreement, as judged from the respective  a lte rn a tiv e  p lo ts . The 
co rre la tion  o f  the B(2) and B(4) resonances thus supplements the 
strong evidence provided by the unusual s h ifts  o f  the B(4) resonance 
in  the proton-boron-11 co rre la tion  p lo ts  (F igures 66 and 68 ) .
In an attenpt to  cross-check the v a l id it y  o f  the devised 1 1 B-11B 
s h i f t  c o rre la tion  method o f  comparing n.m .r. s h ifts  f o r  substituted 
species the technique was applied to  the fo llow in g  couples B10H14  ^
2-d -B 1QH13  and the rhenaborane analogues [ (PMe^PhJHReBgH  ^ / 
I2 -d - (B te 3Ph)HReB9H12] ,  using data taken from the lite ra tu re192' 193. 
The 1 1 B-11B s h i f t  corre la tion  p lo t  i s  shewn in  Figure 76, in  which 
there is  an o v e ra ll agreement o f  the resonances assignment and s h if t  
pattern, with the major s h if t  r ea d ily  seen as that o f  the ch lorin e 
subtituted 2- pos ition . However, one noticeab le  d igression  from th is  
pattern is  the co rre la tion  fo r  one o f  the B(8,10) resonances o f  the 
rhenaborane d e r iv a t iv e , which is  near perpendicular to ,  rather than 
p a ra lle l to ,  the diagonal norm, inmed la te ly  arousing suspicion. This 
resonance could be brought in to  the expected trend by displacement to  
a s h i f t  s im ila r  to  the other component. An examination o f  the 
proton-boron- 1 1 s h if t  co rre la tion  p lo t  contained w ithin the paper from 
which th is  data was obtained suggests tha t the s h if t  value o f  +2 .1  
p.p.m. has been mis-typed in  the re levan t data section  and should in  
fa c t  be -2.1 p.p.m. C learly  an erroneous displacement o f  a resonance 
by 4.2 p.p.m. is  o f  s ign ificance and may on inspection be detected . By 
d is k in g  th . data using th . ” b- 11b d a f t  c o n f la t io n  mathod th . 














Figure 76. s h i f t  c o rre la t io n  p lo t  fo r  the c lu s te r  couples
t(PMe3Ph)HReB9H13] aga inst [2-Cl-(PMs3Ph)HReB9H12] 
and B1QH14 against 2 - d ^ qH ^ ,  where ( O )  -  2 -C l-[B 1()] 
and ( □ )  -  2 -C l-lR eB g].
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Jlili. OX3SO «IMJJMaRBMBORMCS (MCB^  g M M L  M »  Ru, Os).
■mg swihbsis AID a«gi*L flg  «jgU L i« gmuawES or
[ 2 f 2 f 2- (Q J )(Pa i3 ) 2-a flS P -2 l 1 - R ^ ^ - 10- (P a i3 j i . t 6J
W  [2 f 2f 2 - (a > ) (P g ^ )2-ClflS0-2I 1 - O ^ ^ - 3 - (P H i 3) l .  (7 ) ,
From the reaction o f  arachno-[CBqHj 3 1 ~ w ith the ruthenium halide 
d e r iv a t iv e  [RuCl(OD) (H) ( PPh^) ^] in  benzene, in  addition  to  the 
previously discussed nido d er iva tives , compounds (1 ) ,  (4 ) and (5 ) 
(Sections 3.1 and 3 .2 ), a fu rther product ( 6 ) ,  formed in  >3% y ie ld  was 
iso la ted  by t . l . c .  as an orange c ry s ta llin e  so lid  and characterised by 
spectroscopy and s in g le -c rys ta l X-ray d if fr a c t io n  analysis as 
c lgeo -l (GO)(PPh3 )2RuCB8H8 (PPh3 ) ]  (6 ) .  The id ea lised  equation fo r  i t s  
formation i s  ;
LilCBgH^J ♦ [RuCl(CD) (H) (PPh^)^] --------------- *
[(CD)(PPh3 )2RuCB8H8 (PPh3) J ♦ 31^ ♦ LiO .
I t  is  in terestin g  that in  contrast, the corresponding osmium compound 
[(O0)(PPh3 )2OsCB8H8 (PPh3 ) ] ,  (7 ) , was a major product o f  the analogous 
reaction  o f  [OsCl(CD)(H)(PPti3>3] with L ilC B g ft^ ], being obtained as a 
yellow  c ry s ta llin e  s o lid  in  26% y ie ld .
The n.m.r. data fo r  compounds (6 ) and (7 ) are given  in  Table 11. 
The 11B n.m .r. spectrum o f  ( 6 ) shows f iv e  resonances, w ith a 1:1:2:2:2 
In tegra tion  ra tio  (see Figure 77). The 1H n.m .r. spectrvm o f  (6 ) 
ind icates a closed c lu s te r  geometry, since there is  an absence o f  
resonances attribu tab le to  endo bridging hydogens, B-H-B, M-H-B o r  M-H 
functions. The four highest f i e ld  boron resonances are found to  be 




BCRCN-11 ATP raPTCH N.M.R. DATA
In tegra l Gcmpound(6 ) In tegra l Q3rapound(7 )




(p .p .m .) (p .p .m .) (p .p .m .) (p .p .m .)
1 2 1 .8 B-P 1 42.3 6.52
1 8.0 2.78 1 0 .2 2.54
2 1 .1 2.64 1 -4.2 1.44
2 -15.2 0.24 1 - 8 .1 2.67
2 -22.9 0.28 1 -17.4 0.65
1 -23.1 B-P
1 -28.6 - 1 .0 2
Assignment 1 -30.1 -1.32
C(6 ) - " ( « o ) 5.1
4.4
w h j 7.0-7 .9 6 .9-7 .7
PH36PICRUS-31 _N.,MA._D»ra
Assignment Ccmpound( 6 ) Ooqpound(7)
31p 31p
(p .p .m .) (p .p .m .)
MiPPhj) 40.7 7 .8 , 3.5
B-(PPh3) Not observed Not observed
Thble 11. Boron-11, proton emd phosphorus-31 n.m .r. data
(p .p .m .) fo r  [(ODMPPh^jRuCBgHgtPPhj)] (6 ) and 
((O D iiP B ijijO ^ g H g tP P h j)] (7 ).
[ *  B-PHVj resonances not observed, though the presence o f  cage bound 
phosphine ligands was indicated by 2J (31P-11B) couplings in  the 11B 
n.ra.r. spectrum (see  teoct).]
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s e le c t iv e ly  11B decoupled 1H n.m.r. spectra, the resu lts  o f  which are 
g iven  in  Tfcble 11. The boron atom producing the lo w fie ld  resonance in 
the11B spectrum does not have an attached term inal hydrogen a ton, as 
judged from a s im ila r decoupling experiment. The doublet observed fo r  
th is  resonance, in  both the 11B and 11B {1 H) spectrum o f  ( 6 ) ,  is  
in d ica tive  o f  a boron atom with a phosphine ligand attached, the 
observed coupling o f  ^J[31P-1 1 B) -  185 Hz i s  o f  the expected 
magnitude. The in tegration  r a t io  o f  aromatic proton resonances to  
o ther c lu ster proton resonances is  consistent w ith the presence o f 
three triphenyphosphine ligands. Since a B-PPh^ group has been 
reasonably indicated the remaining two must be bound to  the ruthenium 
atom. The 31P n.m .r. spectrum shows on ly one resonance a t 40.6 p.p.m. 
a ttr ibu tab le  to  these two metal bound triphenylphoephine ligands. The 
cage bound phosphine resonance was not observed. The in frared  spectrun 
confirms the presence o f  a carbonyl group on the ruthenium a tan, 
v(OD)max ■ 1925 cm-1 ind icating the metal fragment t o  be 
RufPPh^fO O ). From spectroscopic evidence, the ruthenacarbaborane (6 ) 
can be reasonably formula ted as c lg eo -[ (PPh-j^iGDJRuCBgHglPPhj) ] .
The m irror plane symmetry possessed by ( 6 ) as suggested by the 
in tegration  pattern o f  the 11B resonances is  compatible with only 
th ree possib le substitution patterns, as shown in  Figure 78, (a  t o e ) ,  
based an the predicted bi-capped square an tip r ian a tic  geometry in  which 
the framework i s  notionally  tr i-su bstitu ted  ( X ■ (31, Ru(PPh3 ) 2 (0 0 ), 
B -Ph j). R estric tin g  the carbon a tan pos ition  to  occupy a low 
ooordlnate polar vertex  y ie ld s  the s ix  poss ib le  structural 
conformations fo r  the ruthenacarbaborane ( 6 ) ,  [F igure 78, (d ) t o  (1 ) ] .  
Notably, o f  these s ix  a ltern a tives , four euro isonars o f  structural 
type ( c ) .  The s ix  a lte rn a tive  structures embrace a l l  three possib le
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Figure 78. ( a ) - ( c )  Possib le  isom eric structural types fo r  n o tio n a lly
symmetrically tr i-su b s titu ted  ten vertex  c loso  c lu s te rs , 
MCB^(B-L). (d ) -  ( i )  Structural m odifications fo r  
compound ( 6 ) ,  assuming tetrahapto carbon atom.
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metal p os itions  In which the rutheniun can occupy the po lar s i t e  o r  a 
ve rtex  in  one o f  the two tro p ica l b e lts .  TVro possible phosphine 
substitu tion  s ite s  are then d icta ted  by the observed synmetry. For a 
structure containing the metal in  a t r o p ic a l b e lt , the phosphine can 
on ly be a t  the po lar vertex  o r  trans to  the metal in  the same trop ica l 
b e lt .  For the d e r iv a t iv e  in  which the metal occupies the po lar vertex  
the cage phosphine can be positioned on e ith e r  trop ica l b e lt .
The assumption that the carbon atom w i l l  occupy a po lar vertex 
is  consistent w ith the observed s i t e  preference fo r  carbon atoms 
w ith in  o ther heteroborane c lu sters  (S ection  1 .6 ) and more s p e c if ic a lly  
is  as found in  the two s tru ctu ra lly  v e r i f i e d  closo-HCS0 d er iva tives  
noted e a r l ie r 1 However, structures in  which the carbon atom
is  pentahapto, though u n like ly , cannot be to ta l ly  ruled out from 
consideration. In  th is  instance, a fu rth er s ix  a lte rn a tiv e  structural 
m odifications are  produced (not i l lu s t r a te d ),  corresponding to  three 
pa irs  o f  type ( a ) ,  (b ) and (c )  in  which the metal and cage phosphine 
are interchanged.
The a va ila b le  spectroscopic evidence i s  unable to  d istingu ish  
between the structu ra l isomers discussed above, and fo r  th is  reason, 
the X-ray c ry s ta l structure o f  ( 6 ) was obtained. Though a symmetrical 
d isp os ition  o f  the metal bound phosphine and carbonyl ligands (with 
respect to  the cage) is  presumed in  order t o  maintain the observed 
m irror plane synmetry, th e ir  exact o r ien ta tion  is  a lso  not evident 
from the spectroscopic data.
The d e ta i ls  o f  the crysta llograph ic  study o f  ( 6 ) are given  in  
Chapter 5 . A drawing o f  the c lo so -ruthenaoarbaborane (6 ) i s  shown in  
Figure 79. The molecular structure i s  found to  be that o f  a bicapped 
square an tip r is e  in  which the carbon atom i s  tetrahapto, occupying a
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Figure 79. Drawing o f  the X-ray c ry s ta llo g rap h ica lly  determined 
molecular structure o f  the ruthenacarbaborane 
[2 .2 t2-(ÇP)(PPh3 )2-c lo e o -2.1-RuCB0H0-10-(PPh3 )1 (6 ) .
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polar ve rtex . The ruthenium atom is  s ituated  adjacent to  the carbon 
atom in  the upper trop ica l b e lt  with the cage bound phosphine 
substituted on to  the polar boron atom.
A Wade type e lectron  count fo r  the ruthenacarbaborane ( 6 ) g ives  
22 e lectrons (11 SEP's) fo r  sk e le ta l bonding, w ith the ruthenium atom 
contributing three o rb ita ls  and two e lec tron s . The c loso  structure 
predicted by the 'n+1' SEP count is  consisten t with the observed 
molecular geometry. The ruthenacarbaborane ( 6 ) can thus be regarded as 
an 18 e lectron  d6 ruthenium)II) complex.
The d ispos ition  o f  the phosphine and carbonyl ligands on the 
metal is  observed to  be as pred icted, w ith the carbonyl ly in g  on the 
pseudo mirro r  plane as defined by the C(1) ,  Ru (2 ),  B(10) and B(4) 
atoms. This m irror plane i s  not a c rys ta llo graph ica lly  observed 
symmetry element, rather i t s  presence is  in fe rred  in  solu tion  by 
n.m .r. spectroscopy, a less  exacting s tru ctu ra l probe. Not 
su rpris in g ly , the s te r ic a l ly  demanding triphenylphosphine ligands on 
the metal are d irected  towards the nearest po in t o f  s te r ic  r e l i e f ,  
w ith  the aromatic rings su itab ly staggered t o  reduce intra-m olecular 
contacts. The d is to rted  octahedral geometry o f  the ligands around the 
metal is  defined by the approximately mutually perpendicular banding 
vectors to  the phosphorus and carbon atoms, (P (1 ) ,  P (2 ), C (1 ) and 
C(21) ) ,  the la t te r  two defin ing  the a x ia l ve c to rs . The bonding vectors 
from the metal to  the equatoria l plane o f  the carbabarane residue 
accounts fo r  the remaining d is to rted  c is  octahedral equatoria l 
vectors . The bonding angles around the ruthenium atom are given in  
Tfcble 12, w ith  a more comprehensive l i s t  g iven  in  Chapter 5.
The structure o f  the c loso -ruthenacarbaborane ( 6 ) i s  o f  the type 
(d ) shown in  Figure 78, and re la ted  to  tha t observed fo r  the closo
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Table 12, Inter-bcnd angles a t  ruthenium atom ( ° )  fa r  
[2-<OP)-2.2-(PPh3 ) : -c lo eo -2.1-RuCB0H0-10-(PPh3H ( 6 ) ,
(Standard deviations in  parenthesis).
P (1 )-R u (2 )-P (2 ) 96.9(1) P (1 )-Ru (2 )-C (21 ) 91.0(3)
P(2 )-Ru (2 )-C (21) 98.0(3) C (1 )-R u (2 )-P (1 ) 96.0(1)
C(1 )-R u (2 )-P (2 ) 99.2(2) C(1)-RD (2)-C (21) 160.5(3)
C (1 )-Ru (2 )-B (3 ) 41.3(4) C (1 )-Ru (2 )-B (5 ) 43.0(4)
C (1 )-Ru (2 )-B (6 ) 81 .0 (3 ) C (1 )-Ru (2 )-B (7 ) 01.1(4)
B (3 )-Ru (2 )-B (7 ) 47.4(4) B (5 )-Ru (2 )-B (6 ) 46.5(4)
B (3 )-Ru (2 )-B (5 ) 67.9(4) B (6 )-Ru (2 )-B (7 ) 49.6(4)
lridacarbadecaborane149 [ (PPh3 )2 (H)IrCB8H8 <PPh3) ] (type  ( f ) )  by the 
interchange o f  the polar C-H and B-P fragments, o r a lte rn a t iv e ly , the 
displacement o f  the metal s i t e  iron  the lower t o  upper trop ica l plane.
The mthenacarbaborane ( 6 ) ,  is  a lso  s tru ctu ra lly  s im ila r to  the 
oobaltacarbaborane1 46 •1 (T^-CjHjJCbCBgH^, with the carbon and
metal fracpnents in  s im ila r sk e le ta l p os ition s . In  the cobalt 
d er iva tiv e  there is  no cage substituted boron a tan. In  contrast, the 
analogous n ick e l oonplex14®, jNiCBgHg, has the carbon and metal
fragments in  the upper po lar and lower t ro p ic a l s ite s  respective ly  (as 
In  the iridium  complex), though th is  isomer has been observed to  
rearrange to  the more stab le  leaner with the metal in  the lower po lar
v » r t * 1<4 ' 1<7 .  w h ils t  t h M .  l r ld l i s i  « id  m <,tslloo«n. ( to r lv a t lv u . a ra
not ia o - s t r u c t u r a l  w ith  th e  ruthenaoarbaborane (6 ) ,  th e y  a r e  th e  o n ly
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c loeo  ten-vertex  [MCB0 ] species known.
The sk e le ta l intar-atcm ic d istances found fo r  compound ( 6 ) are 
comparable to  those observed in  the re la ted  c lo eo  coba 1  tacarbaborane 
c lu s te r , (Tl-CjHjICDCBgH,’ 8' ,  a s  shewn In  Table 13, (see a lso  Chapter 
5 ) .  The sk e le ta l d istances are found to  be in  the fo llow ing order o f  
magnitude;
metal > tro p ic a l > equatoria l > lower po lar > upper polar
This trend is  a ls o  observed in  both the ccba 1  tacar baborane 
(TV‘CjHg)CbCBgHg, as seen iron  inspection o f  Tfeble 13, and the parent 
borane anion where the tro p ic a l, equatoria l and po lar B-B
d istances are 186, 181 and 173 pm respec tive ly193.
D ifferences in  magnitude o f  B-B ske le ta l d istances between the 
parent borane anion and the ruthenacarbaborane ( 6 ) are su rpris in g ly  
modest in  view o f  the la rge  s ize  d i f fe r e n t ia l  between the boron and 
ruthenium atom. The shorter distances o f  the po lar carbon t o  the 
tro p ic a l boron atoms are  as expected fo r  a C-B d istance, being 
ocnparable to  those found in  other ten vertex  metallacarbaborane 
apK laa , one «candle being (6 ,6 - (E t jP )21 ,2 ,6 -C jC b B ^ l'28.
T\so in te res tin g  features o f  the ruthenacarbaborane ( 6 ) sk e le ta l 
B-B distances are apparent from oerparison to  those o f  the coba lt 
d e r iv a t iv e . F ir s t ly ,  th ere i s  the s im ila r ity  o f  the po lar boron 
d istances regardless o f  the presence o r  otherwise o f  an exo bound 
phosphine ligand. C lea r ly  the two and three e lec tron  contribution  to  
sk e le ta l banding o f  the B-H and B-PPhj fragments i s  de loca lised  around 
the c loeo  framatork, since the bonding cap ab ility  o f  each appears to  
be id en tica l. Secondly, system atically shorter equatoria l bonds are
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13, Comparison o f  ske le ta l interatom ic distances (pm) fo r
[2.2.2-(OD)(PPh3 )2-c lo eo -2.1-RuCB0H0-10-(PPh3 ) i  ( 6 ) and 
[2 -  (fj-C-H ,) -c lo eo -2,1 -CoCBqFLj ] ~ ^ . (Standard deviations 
in  parenthesis), ( * )  Data taken from reference 181.
Ctnpound ( 6 ) (V C ^ O oC B ^ H ,
Upper polar vertex
C (1 )-M (2 ) 211.5(10) 190(1)
C (1 )-B (4 ) 161.8(13) 156(1)
Upper trop ica l plane 
M (2)-B (3) 231.0(12) 210.6(8)
B (3 )-B (4 ) 184.5(17) 178(2)
Equatorial plane 
M (2)-B (6) 232.5(9) 210.6(9)
B (3 )-B (7 ) 185.3(15) 185(1)
B (4 )-B (8 ) 175.5(18) 171(1)
B (5 )-B (6 ) 183.5(16) 180(1)
Lower trop ica l plane 
B (6 )-B (7 ) 194.2(16) 183(1)
B (7 )-B (8 ) 187.1(16) 184(1)
Lower polar vertex
B (10)-B (6 ) 168.8(15) 166(1)
B (10)-B (6 ) 167.3(15) 166(1)
( 6 ) (n-CgHgJOoCBgHg
C (1 ) —B(3) 157.2(17) 157(2)
C (1 )-B (5 ) 163.8(14) 157(1)
M (2)-B (5) 232.3(11) 213.1(9)
B (4 )-B (5 ) 187.2(16) 183(1)
M (2)-B (7) 230.2(11) 208.0(9)
B (3 )-B (8 ) 185.8(13) 181(2)
B (4 )-B (9 ) 176.1(16) 174(1)
B (5 )-B (9 ) 185.2(15) 179(1)
B (6 )-B (9) 182.5(16) 182(1)
B (8 )-B (9 ) 185.4(14) 178(1)
B (10)-B(7) 169.8(13) 170(1)
B (10)-B(9) 167.9(16) 167(1)
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observed fo r  the B (4 )-B (8 ) and B (4 )-B (9 ) vectors in  both the ruthenium 
and cobalt ccmplexes, in  each case o f  a t lea s t 3 pm iron the mean 
d istance. Since th e  metal and exo-polvhedral ligands are d i f fe r e n t  in  
each, th is  ccrrmon e f f e c t  must a r is e  frcm e ith e r  the substitu tion o f 
the carbon atcm in t o  the polar ve rtex , o r  more l ik e ly  the presence o f 
a sk e le ta l metal fragment a t the vertex  roughly antipodal to  th is  
triangu lar face.
A s im ila r absence o f  endo hydrogen resonances in  the 
spectroscopic data obtained fo r  the oemacarbaborane (7 ) (Table 11) 
a lso  ind icates a c lo s ed  clu ster geometry fa r  th is  compound. In  th is  
case e igh t in d iv id u a l resonances are  observed in  the 11B n.ra.r. 
spectrun (Figure 8 0 ),  immediately ind icating an asymmetric molecular 
structure. Seven o f  th e  e igh t boron resonances are  found to  be 
associated w ith a  B -H (term inal) hydrogen as shown by a series  o f  
s e le c t iv e ly  11B decoupled 1H n.m .r. spectra, w h ils t the boron 
resonance a t -23.1 p.p.m . g ives a coupling o f  2J (31P-11B) -  128 Hz and 
is  a ttr ibu tab le  t o  a  boron atom with an attached phosphine ligan d . The 
31P n.ra.r. spectrum shows two resonances a t 3.47 and 7.83 p.p.m. 
respective ly . These resonances shew a small coupling due to  the e ls  
d ispos ition  o f  two inequ iva lent phosphine ligands on the osmium atom 
2J (31 P-Qs- 31 P) -  10 Hz. The expected resonance fo r  the cage bound 
phosphine was not observed, probably because o f  the combination o f  low 
concentration and m u lt ip l ic ity  o f  the s ignal due t o  coupling from the 
attached boron atcm. The presence o f  a metal bound carbonyl ligand  is  
confirmed by an in fra red  absorption a t 1900 an-1 .
In  contrast t o  th e  substitution pattern pred icted fo r  the 
nithenacarbaborane ( 6 ) ,  the e igh t ind ividual resonances observed in  
the 11B n.m.r. spectrum o f  the oamacarbaborane (7 ) indicate the
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Figure 81. ( a ) - ( c )  Possib le  isomeric structura l typ es  fo r  notion a lly
asymmetrically tr i-su bstitu ted  ten v e r te x  c loso  c lu sters , 
X jB y. ( d ) - ( i )  Possible structures f o r  aampound (7 ) ,  
assuming tetrahapto carbon.
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d ispos ition  o f  the hetero atoms t o  be one o f  the four ra tion a lly  
asymmetrically tr i-su b stitu ted  bicapped square antiprismatic 
geometries, as shown in  F igure 81, (a ) to  (d ) .  Assuming the carbon 
atom occupies a tetrahapto v e r te x , fo r  reasons rated e a r l ie r ,  g ives 
s ix  possib le structures, [F igu re  81, (e ) t o  ( j ) ] ,  consistent with the 
spectroscopic data observed f o r  the osmacarbaborane (7 ).
In  a l l  s ix  a lte rn a tive  s tructu res, each has a polar B-H vertex , in  
comparison to  the possible p o la r  B-H, B-P and Ru(L3> fragments o f  the 
symmetric structures postulated fo r  the ruthenacarbaborane ( 6 ) .  The 
s ix  structures are  then composed o f  the various antipodal and c is  
d ispositions o f  the B-P and Ob (L3 ) fragments in  the trop ica l planes.
As rated e a r l ie r ,  a structu re  including a pentahapto CH 
group w hilst rather u n like ly , cannot be t o t a l ly  disregarded, since 
th ere is  no evidence to  confirm  i t s  absence. Furthermore the 
asymmetric d ispos ition  o f  the symmetric OsPPh^OO) fragment with 
respect to  the cage could, in  p r in c ip le , produce an asymmetric 
structure from those symmetric isomers containing a m irror plane rated 
in  Figure 81. I t  i s  however, u n lik e ly  that the gross changes in  the 
11B spectrum o f  the osmacarbaborane (7 ) compared to  that o f  the 
ruthenacarbaborane (6 ) ,  would re su lt  so le ly  from a such a rotation  o f  
exopolyhedral metal bound ligands.
The hydrogen attached t o  the cage carbon exh ib its a small 
coupling to  the cage bound phosphine, 3J (31P»-B-C-1H) -  5 Hz, which is  
removed on phosphorus decoupling. This reasonably locates the cage 
bound phosphine as adjacent t o  the carbon atom in  the upper trop ica l 
plane, hence discounting the p o s s ib i l i ty  o f  structural types ( s ) ,  ( f )  
and (g ) ,  shewn in  Figure 81, though the pos ition  o f  the metal atom 
w ith in  the framework is  ra t ascerta inab le from spectroscopic evidence.
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In  contrast, the l r idacarbaborane c lo e o - [ (HHPPhj^IreBQHgtPPhj) 
has a hydride on the metal atom which shows a 12 Hz coupling from the 
adjacent cage bound phosphine, hence loca tin g  th is  phosphine a t  a 
pos ition  adjacent to  the metal a ton. The irid ium  complex was found to  
have a structure corresponding to  that shown in  P ig  81 ( f ) ,  where the 
metal is  in  the lower tro p ic a l plane. The combination o f  these 
observed C-H and M-H couplings to  a cage phosphine, would p o ten tia lly  
id e n t ify  unambiguously the structural type shown in  Figure 81(h) i f  
iso la ted .
In order to  ascerta in  which o f  the postu lated structures is  
adopted [Figure 81 (h ), ( i )  o r  ( j ) ] ,  the osmacarbaborane (7 ) has been 
characterised by s in g le -c ry s ta l X-ray d i f f r a c t io n  analysis , the 
d e ta ils  o f  which are g iven  in  Chapter 5.
An Ortep diagram o f  the molecular structure o f  the c loso  
osmacarbaborane is  given  in  Figure 82. Note that th ere are three 
isan eric  c lu ster units in  the asynmetric un it as shown. The 
fundamental structure is  as predicted, being a bicapped square 
antiprisma t i c  cage structure w ith the carbon atom occupying a 
tetra-hapto polar vertex . The position  o f  the osmium atom in  a 
tro p ica l vertex  adjacent to  the carbon coincides w ith  that found fo r  
the ruthenacarbaborane (6 ) ,  and is  s im ila r ly  d i f f e r e n t  to  that 
observed fa r  the ir id iu n  analogue. The pos ition  o f  phosphine 
substitu tion is  as pred icted , in  the upper t r o p ic a l plane. In  keeping 
with the asynmetry indicated by spectroscopic ev idence, the phosphine 
is  necessa rily  mutually e ls  to  both the carbon and oamiim atoms.
Uhllke the nido ruthenium and oamiim carbaborane d eriva tives  
from the reaction  o f  [ CBgH^  31 ~ and the respective  metal halide 
d e r iv a tiv e , which were found t o  be isomorphous, th e  c loso  d eriva tives
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P<3)
molecular structure o f the osnacarbaborane
i2,2,2-(<X>MPFh3) 2-c±2i2-2,1-0«CB8Ha-3-<PPh3 ) ]  (7 ) showinj
the three molecule» o f  the crystallographic a*yn*n»tric unit. 
(Skeletal numbering analogous to that for ecnpound (6 ) )
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are not. Furthermore, the closo  oemacarbaborane (7 ) has a 
substan tia lly  la rger  crysta llograph ic ¿symmetric un it than the 
ruthenium d e r iva tiv e  containing three isomeric c lu s te r  un its , g iv in g  a 
to ta l atom count o f  207, excluding hydrogen atoms. As a resu lt, 
computational lim ita tions  (noted in  Chapter 5) have re s tr ic ted  the 
refinement o f  th is  c ry s ta l structure to  an R fa c to r  o f  0.14. The 
d e ta iled  bond lengths and angles obtained must th erefore be 
considered with regard to  th is  low degree o f  refinement. The sk e le ta l 
bond lengths are given  in  Table 14.
The three molecules in  the asymnetric unit o f  closo- 
[3-(PPh3 )-2,2,2-(OD )(PPh3 )2-2,1-OsCB8H8] a l l  conform to  the geometry 
described above, with va ria tions  in  sk e le ta l inter-atom ic d istances, 
but more noticeably d i f f e r  in  the ro ta tion a l alignment o f  the 
triphenylphosphine ligands about the P-cage vectors . W hilst th is  i s  o f  
consequence crysta l lograph ica lly , i t  w i l l  have no bearing on the 
expected, o r  indeed observed, spectroscopic data, since such 
ro ta tion a l freedom is  probably manifest in  the solu tion  structure. The 
observed dissymmetry between molecules in  the asymmetric un it may be a 
function o f  c rys ta l packing and is  thus o f  minor in te res t.
In  contrast to  the m irror plane symmetry o f  the ruthenacarbaborane 
(6 ) ,  the oemacarbaborane (7 ) is  asymmetric because o f  the tro p ica l 
pos ition  o f  the cage bound phosphine. A fu rth er asymmetric centre 
ex is ts  due to  the d isp os ition  o f  the triphenylphosphine and carbonyl 
ligands on the osmium atom. In  th is  case the o rien ta tion  o f  the 
ligands has been rotated by 120 degrees in  comparison to  that observed 
in  the ruthenium analogue to  y ie ld  the ro ta tion a l form in  which the 
carbonyl ligand is  adjacent to  the c is  B-PPh-j group with one o f  the 
phosphine ligands aligned w ith the Os(2)-C(1 )-B (4 )-B (10 ) plans.
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I t »  osmacarbaborane (7 ) is  is o e lec trcn ic  w ith  the ruthenium 
¿dialogue, having 11 SEP's (n+1) fo r  ske le ta l bonding, w ith the 18 
e lectron  d6 osm iun (II) metal atom contributing three o rb ita ls  and two 
e lectrons. The coordination geometry a t the osmium atom i s  a lso  that 
o f  a d istorted  octahedron w ith the sk e le ta l carbon and trans phosphine 
ligand forming the ax ia l vectors . The equatoria l bonding vectors are 
to  the c is  phosphine and carbonyl ligands, and the lower tro p ica l 
plane o f  the carbaborane ligand.
Thble 14. Ske le ta l interatomic distances (pm) fo r  the three molecules 
o f  the asynmetric un it o f  the osmacarbaborane 
[2 ,2 .2-(CP)(PPh3 )2-c lo so -2,1-OsCB0H0-3-(PPh3) ]  (7 ) .
Molecule 1 2 3
Upper polar ve rtex
C(M01 ) -Os (MO 2 ) 217.3 218.1 210.3
C(M01 )-B(M03) 174.9 173.6 151.4
C(M01)-B(M04) 158.8 159.0 168.5
C(M01)-B(M05) 168.8 150.5 157.1
Upper trop ica l plane
Os(M02)-B(M03) 235.0 248.8 237.2
Os(M02)-B(M05) 233.8 231.4 239.9
B(M03)-B(M04) 191.7 189.2 180.3




Os(2)-B(M06) 240.1 236.9 228.2
Os(2)-B(M07) 230.4 230.0 245.1
B(M03)-B(M07) 179.1 202.1 192.7
B(M03)-B(M08) 175.5 176.5 184.1
B(N04)-B(N08) 178.7 187.2 177.6
B(M04)-B(M09) 182.4 161.0 185.4
B(M05)-B(M06) 185.2 174.5 187.0
B(M05)-B(M09) 190.4 190.6 177.1
Lower trop ica l plane
B(N06)-B(M07) 186.2 203.0 2 1 1 .2
B(M06)-B(M09) 194.2 182.8 190.1
B(M07)-B(M08) 193.7 203.5 199.9
B(M08)-B(N09) 199.5 202.7 209.9
Lower polar vertex
B(M10)-B(M06) 166.1 171.0 182.8
B(M10)-B(H07) 175.5 184.0 196.6
B(M10)-B(M08) 187.1 179.4 192.3
B(M10)-B(M09) 167.2 172.2 170.4
(Note; M refers to  the respective molecule 1-3. 
Standard deviations are omitted because the 
structure refinmant is  inocn^>lete, see Oiaptar 5)
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4.1. P fgC B U erm »
M eta lla  deriva tives  o f  CBgH^ have now been synthesised using 
tran s ition  metals from a l l  three tr iad s  o f  Group V I I I146-149,180.
Apart frcm th e  ox idative in sertion  o f  zero  va lent platinum to  y ie ld  
the p la t inacarbaborane (PPh^PtCBgH^ 1 50' 151 the re s t o f  these 
d e r iv a t iv e s , including those ruthenium and osmium clusters described 
in  Chapter 3 o f  th is  th es is , were prepared from the reaction  o f  a 
su itab le t ra n s it io n  metal ha lid e  reagent w ith the carbaborane anion 
[CBgH^]” . These reactions produce c lo eo . nldo and arachno 
metallacarbaboranes in  which the metal i s  incorporated in to  the 
framework o f  the carbaborane precursor and is  accompanied by 
rearrangement o r loss o f  b ridging hydrogens.
In  con tra s t, from the research o f  tran s ition  metal carbonyl 
c lu ster chem istry, i t  has been found that the bridging hydrogens in 
such c lu s te rs  can be replaced, without subsequent intra-molecular 
rearrangement, by the iso lob a l Au-PR3 group, the th eoretica l 
ju s t i f ic a t io n  fo r  which was developed by Hoffmann194. The gold  
d e r iva tiv es  [a o - jF s^ -A u P P h ^  (OD)12J and [Os4Pe( ja.-H)3( ^ .-AuPEtj) (CX»12] 
In  which th e  go ld  phosphine fragments b ridge a Oo3 face and Os-Os edge 
rep ec tive ly  a r e  thus derived from the hydrido parent compounds 
[a> jF .<> lJ-H > < a » l 2 l 195 « id  [0*,f.<^JL2-H)^<00>j2 J19^ . Ih .  moat popular 
gold reaqonta uMd fo r  thea. «a c t io n s  a r .  o f  th . type [ClAuHtjJ195 or 
IH -u P R jl '97 ' ' 96.
Pew auraborane and auracarbaborane c lu s te rs  have been previously 
synthesised in  comparison to  ths d iverse range o f  other tran s ition
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metal deriva tives  known1 The pentaborane1 and 
dicartaollide200' 201 d e r iv a t iv e s , PPhjAuBgHg and [A u t C jB ^  ) 2 J- , 
exemplify the d if fe r e n t  p oss ib le  mode o f gold  atom coordination t o  a 
borane framework, in  the form er, the gold phosphine fragment replaces 
a bridging hydrogen on the open face o f  the c lu s te r , reta in ing  the 
o r ig in a l structural geometry, w h ils t  in  the la t t e r  c lu s te r  the gold  
atom, fr e e  o f  i t s  o r ig in a l liga n d s , is  fu l ly  incorporated in to  the 
nido carbaborane skeleton to  y i e ld  a ccmmo-closo sandwich complex.
In order to  fu rther exem p lify  the in teraction  o f  gold  reagents 
with carbaborane frameworks, th e  reactions o f  severa l gold-phosphine 
reagents with CBgR|4 and i t s  d e r iv ed  anion were studied. The p rin cipa l 
goal o f  th is  was to  d iscover whether replacement o f  one o r  more bridging 
hydrogen atoms in  the interm ediate sized carbaborane c lu ster occurs with 
o r  without further incorporation  o f  the gold atom o r  atoms in to  the 
c lu ster framework.
The reactions o f  CBgHj4 and [CBgH^]" w ith  the go ld  reagents 
ClAuPEhg, MeAuPFh-j, CLAuPtcyclo-CgR, 1 >3, MeAuPicyclo-CgHj 1 >3 and 
Ai^C^fdppe) were found to  y i e ld  the s ix  auracarbaborane products 
shown in  the reaction  scheme o v e r le a f ,  (auracarbaboranes (8 ) t o  (1 3 )).
From the in i t i a l  n.m.r. d a ta  obtained fo r  these products, p r io r  
to  f u l l  structural ch aracterisa tion , i t  was c le a r  that the gold  
fracpnants had been Incorporated in to  the c lu s te r  framework to  y ie ld  
arachno deriva tives  rather than products in  which the go ld  fragment 
replaced a s in g le  bridging hydrogen. The ta rge t o f  the in vestiga tion  
thus changed to  structural characterisa tion  o f  these apparently 
complex products. At least d iffe r e n t ia t io n  between the structu ra l 
features o f  the major and minor products iso la ted  was desired .
The major product is o la ted  from the reaction  o f  the mononuclear
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RE»CTICH 1 Mcncnuclear Gold Reagenta,
œ 8H14  ♦ IteAuPRj
or
♦ ClAuPRj
Major Product [RuiŒ gHjjlj]" (AudU jIjJ* Usa Section 4.2)
(8 ) R .  B i ;  (1 0 )*  R •  (C yc lo -C gH ^ lj
Minor Product [(CBjHjjAuKAuPFI^ljlAuCBgM,., ) ]  (ase Section  4.3)
(9 ) and (1 1 )*  R .  B i o n ly
REUCTIOM 2 D lm clear Gold Boanont 
[ a y t , , ] '  .  *u2C l2 (dppe)
Major Product KC B jH ^ ljA iijIdppe)) (ses Section  4.4)
( 12 ) *
Minor Product [RuIŒjH, j ) 2) "  [*u)((dppe)Y ) '> (ses Section  4 .4 )
(13)
(8-13) ■ Auracarbaborane nuroberlng scherae uaed in  te x t . 
*  ■ Structura oonfinnad by X-ray cxyatallography.
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gold reagents was the mononuclear ccmmo auracarbaborane anion, 
[Au (CBqH12)2 ] _ ( 8 , 10 ) ,  in  which both the ligands on the gold atom have 
been replaced by the carbanonaborane ligand ICBgH^l . The counter 
cation has been id en t if ie d  as the lin ea r bisphosphine complex 
[Au (PR3>2] +. A minor product o f  th is  reaction was a lso  id e n t if ie d  as 
the heptanuclear oommo auracarbaborane [ (CBgH^Au) (AuPPh3 ) 5 (AuCBgH1 1  ) ]  
( 1 1 ) ,  a novel c lu s te r  in  several respects.
The products iso la ted  from the reaction o f  the dinuclear g o ld  
phosphine complex AUjCl^dppe) s im ila rly  incorporate the metal atom 
in to  the c lu s te r  framework. In  th is  instance however, the equ iva len t 
o f  the unobserved intermediate product from the above reaction was 
iso la ted  as the main product, that i s ,  the carbaborane-gold-phosphine 
°c” P i«x u a ^ j i j J V d p p o i i  ( 1 2 ) .  The minor product o f  the rea c tio n  
was found to  be the previously id en tif ie d  ccmmo auracarbaborane an ion , 
[Au(CB0H12)2] - , and was observed to  be read ily  formed from the 
dinuclear auracarbaborane by the loss o f  the chelating phosphine 
ligand. In  th is  instance the id en tity  o f  the counter cation was not 
established.
EXiring the course o f  th is  work, Welch e t  a l202 has published the 
prelim inary resu lts  from analogous studies o f  the reactions o f 
gold-phosphine reagents with decaborane (14). The main product is o la te d  
wss found to  be the hexanuclear ccnnp auraborane [Au6 (B10H1 2 )2 (PE t3 ) 4 ] .  
This product, a t r ip le  c lu s te r  o f  gold  and boron, has a sim ilar g ross  
structure t o  the heptanuclear oommo auracarbaborane ( 1 1 ) prepared 
during th is  work, a lb e it  with the basic d ifferences  in  borane 
sub-cluster composition and orien ta tion  and number o f  gold atoms 
incorporated in to  the go ld  sub-cluster. Further ocnparison o f  these 
two t r ip le  c lu sters  i s  given  in  Section 4.3.
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4 . 2  ^ a M a a — H i  v m n
1«  SWTBESIS cr 2l2ll_LJtel»3l2lljR_i_C6H5 J8J_?
cvcio-c(-H11 no) ) m§) ras qqs»L and « ocular gnpgiKB op
The reaction  o f  an equimolar mixture o f  arachno CBqK, ^  with 
MeAu(PFti3 ) in  d ie th y l ether a t roan temperature, g iv es  a red solu tion  
which quickly deepens in  colour. Despite the in ten s ity  o f  th is  
colouration, the 11B n.m .r. spectrum o f  th is  mixture showed that the 
y ie ld  o f  product was in s ign ifican t compared t o  the unreacted 
carbaborane present. The addition o f  a fu rther two molar equivalents 
o f  the gold reagent was found to  reduce the surplus carbaborane 
content o f  the reaction  mixture, g iv in g  a corresponding increase in  
y ie ld  o f  the major product, with the carbaborane being completely 
depleted by reaction  o f  a further th ree-fo ld  equivalence o f  the gold  
reagent. The 11B n.m .r. spectra o f  the 1*3 and 1*6 reaction  mixtures 
are shewn in  Figure 83. The la t te r  spectrum c le a r ly  shows the 
resonances o f  the major product with those o f  one o r  more minor 
products v is ib le  as minor peaks. A sim ilar reaction  was observed to  
occur between the arachno carbaborane anion and AuCl( PPh3 ) ,
as observed by 11B n.m .r. spectroscopy and t . l . c .
TV#o compounds, auracarbaboranes (8 ) and (9 ) ,  were iso lated  from 
the reaction  mixture by preparative scale t . l . c .  Both products were 
red coloured so lid s , though the major product auracarbaborane (8 ) was 
much deeper in  hue.
The 11B n.m.r. spectrum o f  auracarbaborane (9 ) (Figure 84b) 
shews three groups o f  resonances with an approximate 2 :1 :5 in tegration  
ra t io .  I f  th is  re fle c ted  a s ing le  carbaborane fraejnent w ithin the
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Figure 83. 11B n.m.r. spectra o f  reaction  mixtures containing




































molecule then the la t te r  group o f  resonances would presumably be 
composed o f  th ree resonances in  a  1:2:2 ra t io . Since the la t t e r  is  
c le a r ly  ocrposed o f  more than th ree resonances, the in ference is  that 
two carbaborane fragments (o r  more) are responsible fo r  the observed 
spectrun, g iv in g  a weighted in tegra tion  ra t io  o f 4:2:10. The 1H 
n.m .r. spectrum obtained shewed the presence o f  arcmatic protons and 
two types o f  BHB bridging hydrogens.
Further in vestiga tion  o f  auracarbaborane (9 ) was not pursued 
because o f  the very  ana 11  amounts o f  m aterial a va ilab le  and the 
apparent in s ta b i l i t y  o f  the compound, (c rys ta ls  grown under an in ert 
atmosphere were observed to  darken over a period o f  days ).
A ttention was focused on the major product o f  the reaction , 
auracarbaborane ( 8 ) .  The 11B n .m .r. spectrum o f  th is  ccmpound was 
o r ig in a lly  observed to  contain e ig h t  resonances in  ¿in approximate 
1:1 :1 :1 :4 :4 :2 :2  in tegra tion  ra t io ,  which resembled the overlapping o f  
two 1 : 1 :2 :2 :2  type spectra with the middle two resonances superinpoeed 
(Figure 84a). The proton spectrun s im ila r ly  indicated the presence o f  
two synnetrical carbaborane residues, by v ir tu e  o f  the presence o f  two 
sets o f  BHB and resonances ( both CH^ exoj and ^, d istinguished
by th e ir  s h i f t  and im ilt ip lic ity ) .  The ^  P n.m .r. spectrum obtained 
showed only one resonance.
The I n i t i a l  spectroscopic data obtained were consistent with a 
molecule in  which there are two carbaborane cages in  d i f fe r in g  
coordination environments, presumably linked by a number o f  gold 
fraepnants, each reta in ing  the m irror plane symmetry o f  the carbaborane 
precursor.
Cbnpound ( 8 ) was thus reasonably forroilated as an 
(C88H1 2 )2Aux (AuP(4i3)y d e r iv a tiv e . P o ten tia lly , e ith e r  one o r  two
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AuPPh^ groups oould replace both o f  the bridging hydrogen a tens on the 
triangu lar fa ce  o f  CBgH^  indeed, the in tegration  r a t io  o f  aromatic 
to  c lu s te r  hydrogen resonances ind icated the presence o f  three o r  four 
PPhg groups, hence supporting numerous possible formulations involv ing 
go ld  aggregation complexes where x ♦ y  > 2 , consistent w ith  two 
carbabarane residues in  d i f fe r in g  symnetrical coord ination  
environments. The simplest o f  these would be a t r ip le  c lu ster 
comprised o f  a cen tra l tr igon a l a rray o f  gold atoms, attached to  which 
are  two oarbaborane residues, one fused to  an edge by coordination to  
two gold  atoms, the other linked by the remaining go ld  atom. la rger 
cen tra l gold  sub-units oould thus a ls o  be envisaged, having the same 
symmetry p roperties. In  these, the extra  gold  v e r t ic e s  would be 
oocupied by AuPPh^ fragments, as found in  a range o f  hetero gold 
c lu s te rs .
The o r ien ta tion  o f  the carbaborane residues w ith  respect to  each 
other, must be in  an an ti o r syn conformation in  order to  reta in  
m irror plane synmetry in  each carbaborane residue, assuming a sim ilar 
symmetry w ith in  the cen tra l gold sub-unit. The a lte rn a t iv e  staggered 
o rien ta tion  o f  the carbaborane residues removes any synmetry.
In  order to  ascertain  the number o f  gold phosphine fragments 
inooporated in to  the carbaborane precursor and th e ir  r e la t iv e  and 
sk e le ta l d ispos ition , an X-ray d if fr a c t io n  study o f  oompound(8 ) was 
undertaken. V e r if ic a tio n  o f  the observed n.m.r. data was also  
d es irab le . Unfortunately, numerous crys ta ls  o f  compound (8 ) ware 
assessed fo r  s u ita b il ity  in  an X-ray study and found t o  be e ith er non 
d if fr a c t in g  or twinned.
Though repeated attenqpts to  re c ry s ta ll is e  ociqpound (8 ) from a 
















study, two lnportant resu lts  were obtained. F ir s t ly ,  material 
c r y s ta ll is e d  fo r  the purpose o f an X-ray study was la te r  found to  
produce an 11B n.m.r. spectrum with a 1 :1 :2 :2 :2  pattern  corresponding 
to  one o f  the previous observed 1:1 :2 :2 :2  spectra overlapping to  g iv e  
a 1:1:1 :1 :4 :4 :2 :2  pattern  (See Figure 85 ). This th ere fo re  Implied that 
the m a ter ia l iso lated  as auracarbaborane(8 ) consisted o f  two d iscrete  
compounds that had not been separated by t . l . c .  Further chromatographic 
experimentation did not however reso lve  the m ateria l.
The second inportant resu lt o f  the re c ry s ta ll is a t io n  o f  ocnpouid 
(8 ) was th e  iso la tion  o f  another novel auracarbaborane complex, a 
heptanuclear gold t r ip le  c lu s te r , auracar baborane (1 1 ). A deta iled  
d esc r ip tion  o f  the s tructu ra l features o f  th is  novel c lu ster is  given 
in  S ec tion  4.3.
W h ils t progressing w ith  the X-ray d i f f r a c t io n  analysis o f  
auracarb aborane ( 1 1 ) fu rth er reactions o f  CBgRj ^  w ith  go ld  phosphine 
reagents were investigated . *Ihe reaction  o f  the cyclohexylphosphine 
analogue o f  MeAuPPhj, i . e .  MeAuPicyclo-CgK, 1 ) 3, w ith  CBgH^ was 
undertaken fo r  the fo llow in g  reasons. The prime reason was to  
es tab lish  whether a product d iffe ren t  t o  auracarbaborane(8 ) would 
resu lt from  the reaction o f  a gold reagent with a more s te r ic a lly  
demanding phosphine ligand , and i f  so whether characterisation  o f  th is  
product would in  any way a ss is t in  e lu cida tion  o f  the nature o f  the 
auracarbaborane (8 ) which s t i l l  remained uncharacterised.
I f  the reaction y ie ld ed  the cyclohexylphosphine analogue o f 
auracarbaborana(8 ) ,  as indicated by n.m .r. spectroscopy, then perhaps 
c rys ta ls  su itab le fo r  an X-ray d if fr a c t io n  study could be obtained, 
thus enabling the characterisation  o f  both the triphenylphosphine and 
tricyclahaxylphosphlne go ld  caxbabarane c lu s te rs .
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The reaction o f  arachno CBgH^ w ith  excess MeAuPfcyclo-CgHj ^  
in  d ie th y l ether a t roan tenperature, gave a pink so lu tion  which 
y ie lded  amongst other products th e  yellow  compound auracarbaborane( 10 ) 
on t . l . c .  work up. The 11 B {1 H} n .m .r . spectrum o f  auracarbaborane
(10) (F igure 86 ) contains e igh t resonances in  an approximate 
(1 *1 ) : (1  *1 ) : ( 4 ) : (4 ) : (2 :2 )  in te g ra t io n  ra t io .  Thoee s igna ls  grouped in  
parenthesis are o f  s im ila r chem ical s h ifts .  The most s ign ifican t 
featu re o f  th is  spectrum is  the f a c t  that i t  is  nearly  id en tica l to  
that obtained fo r  auracarbaorane(8 ) .  In  both spectra the e igh t 
resonances appear to  resu lt from th e  overlapping o f  1 : 1 : 2 :2 :2  type 
spectra and in  fa c t  taking in to  account a d iffe ren c e  in  s h ift  due to  
e ith e r  referencing or solvent e f f e c t s ,  both spectra have id en tica l 
s h ifts  fo r  every resonance. Th is  c le a r ly  indicated that the 
auracarbaboranes ( 8 ) and ( 10 ) w ere analogous compounds.
Though described e a r l ie r  a s  a 1:1:1 s1:4:4 :2 :2  spectrum, i . e .  the 
overlapping o f  two 1 : 1 : 2 : 2:2  s p ec tra , the in tegra tion  ra t io  o f  the 
e igh t resonances is  not that expected  fo r  a 1 :1  o verlap  but nearer to  
1 :2 . This r a t io  would in  p r in c ip le  ind ica te that the auracarbaborane (10) 
contains three CBg c lu ster u n its , two o f  which are in  iden tica l 
environments.
Though add itional spectroscop ic  data was obtained fo r  
auracarbaborane (8 ) and thus may b e  o f  use in  characterisation  o f  the 
analogous auracarbaboranes (8 ) and ( 10 ) ,  discussion o f  th is  
information is  more usefu lly  made a f t e r  the fo llow in g  descrip tion  o f  
the X-ray crysta llograph ic s tru c tu re  determination o f  auracarbaborane (1 0 ).
In  contrast to  the previous experience o f  c ry s ta l twinning found 
fo r  auracarbaborane ( 8 ) ,  c ry s ta ls  o f  the tr icyc loh exy l phosphine 
d e r iv a t iv e  auracarbaborane (1 0 ),  o f  su itab le  q u a lity  fo r  X-ray
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d if fr a c t io n  analysis , were obtained by the solvent d iffu s ion  method.
A f u l l  account o f  the X-ray crysta llograph ic structure determination 
o f  the auracarbaborane (10) i s  contained in  Chapter 5. Compound (10) 
c ry s ta llis ed  in  space group PT, with two d is c re te  molecules 
id en t if ie d  in  the asyynroetric un it. The simplest o f  these was the 
ca tion ic  species (Au(P(C6H11 >3 )2 ) * .  The A u (I) phosphine cation has a 
lin ea r  P-Au-P ax is  as shown in  the drawing o f  the X-ray 
c rysta llograp ic  molecular structure o f  th is  cation (F igure 87 ). The 
l in e a r ity  o f  the ocmplex i s  not unexpected, since a lin ea r  gecraetry 
has been found fo r  o ther triphenylphosphine gold complexes203 
including (A u fF V ti^ l^ lA u O trD j]”  where »WT is  raa lson itr iled ith io la te . 
Gold complexes w ith the stoich iom etry [ (PPh3 )Au(L-L) ] ,  where [L -L ]2 - 
i s  a bidentate chelating ligan d , were o r ig in a lly  believed  to  contain 
A u ( I I ) ,  but are new recognised to  be mixed valence A u (I)/ A u (III ) 
complexes, ([Au(PR3)2J [Au(L-L>2 J ), hence th e ir  descrip tion  as 
pseudo-gold (H ) oenpounds.
The most notable fea tu re  o f  the structure o f  the tr ic y c lch exy l-  
phosphine g o ld ( I )  ca tion  o f  auracarbaborane ( 10 ) i s  that the cyclohexyl 
rings on the phosphine ligands are eclipsed  with respect to  each oth er. 
W hilst th is  conformation i s  observed in  the so lid  sta te  structure, in  
solu tion  the phosphine ligands are fre e  to  spin arourd the P-Au-P ax is  
to  include a l l  the a lte rn a t iv e  staggered conformations.
The second and most inportant molecule in  the asynraetric un it o f  
auracarbaborane ( 10 ) ,  characterised as the counter anion, was the 
enrano-auracarbaborane [ (C B g H ^ )^ ] " .  The structure o f  the anion 
essen tia lly  comprises two (CBgH ^]2"  carbaborane ligands coordinated 
t o  a cen tra l acnmo-gold atom. The o ve ra ll p o s it iv e  charge thus 





Figure 87. Drawing o f the X-ray crystallographically determined molecular
structura o f [AuPIcyclo-CjR,, ) j ] * ,  tha cation consonant o f
auracarboborane (11), [ (CBgH^ljAu)" (AuPicyclo-CjH,, )2)* .
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The refinement o f  the anion was ccrpHeated by the presence o f  
two a lte rn a t iv e  ccmmo-go ld  pos itions  and two a lte rn a tiv e  carbaborane 
c lu s te r  o r ien ta tions . The structure o f  the anion including a l l  o f  the 
located sk e le ta l atoms is  shown in  Figure 88. This molecular drawing 
i s  c le a r ly  in correct in  terms o f  the stoichiometry o f  the anion 
formulation and requires seme explanation. The fo llow in g  descrip tion  
o f  the resu ltan t structure i s  accompanied by a number o f  schematic 
diagrams to  a id  discussion (F igure 89).
Consider the anion as consisting o f  two carbaborane un its and 
one gold  atom. One o f  the carbaborane c lu ster un its was re fined  as a 
CBq un it in  a particu lar o r ien ta tion  (Figure 89a). The cen tra l gold  
atom was thus found and re fin ed  a t the coordinates corresponding to  
the 9- p os ition  in  the decaborane lik e  framework (F igure 89b). A 
second go ld  atom pos ition  was a lso  id en t if ie d  and re fin ed  in  a s im ila r  
manner t o  the f i r s t  pos ition  (F igure 89c). Both o f  the gold  positions 
were th ere fo re  assigned h a lf occupancies, g iv in g  a whole occupancy fo r  
the combined pos ition . The second carbaborane un it was in  fa c t  found 
to  be in  two orien tations w ith  respect to  the other carbaborane 
ligand, namely the syn and a n t i configuration (F igure 89d). Because 
both o f  the second carbaborane c lu ster units gave approximately equal 
refinement, the sk e le ta l atoms o f  each carbaborane were a lso  assigned 
h a lf occupancies (g iv in g  a whole occupancy fo r  each atom o f  the 
disordered carbaborane lig a n d ). The syn and a n ti carbaborane 
conformations thus correspond t o  one o f  the a lte rn a tiv e  gold  atom 
positions (F igure 89e).
Tb c la r i f y  the o r ig in a l molecular drawing o f  the auracarbaborane
( 10 ) anion, (F igure 88 ) ,  the unravelled molecular drawings o f  the syn 
and an ti conformations o f  [ (CB0H1 2 )2Au]-  are given  in  Figure 90.
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Figure 88. Drawing o f the X-ray crystallographically determined molecular
structure o f [ (CBgH^  ^ ) 2^  1 , the anionic component o f the





■ P u ll occupancy boron atom
■ "  ii carbon atom
»  H alf „  go ld  atom
= ii n boron atom
“  •• ii carbon atom
F ir s t  CBg un it
e a s ily  found and re fin ed
I n i t a i a l l y  fou nd g o ld  atom 




Seoond go ld  atom id e n t if ie d  
and the two go ld  atoms given  
h a lf  occupancies to  re fin e
Figure 89, Schematic diagrams o f  [ (C B g R ^ )^ ] -  showing those atoms 
re fin ed  w ith  c rys ta llo g rap h ic  fra c t io n a l occupancies.
Figure 90. Drawing o f the X-ray crystallographically determined molecular
structure o f the syn and anti conformations o f [ (OBgR^^Au)- ,
the anionic component o f the auracarbaborane (10).
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Figure 91, Skeletal distance« (pm) fo r  ordered 'CBg' sub-unit
o f the auraoarbaborane anion [ (08^ 2)2*“ } "  HO)*
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*i<9>
Figure 92. Skeletal distances (pn) for disordered 'anti-CBg'
sub-unit o f the auracarbaborane anion [ (CBgRj2JjAu]* (10),
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Figure 93. Skeletal distances (pm) fo r  disordered ' syn-CBQ1 sub-unit
o f the auracarbaborane anicn ( (CBgRjjJjAu]“  (10).
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Fran the spectroscopic data obtained on auracarbaboranes ( 8 ) 
and (1 0 ), and X-ray crysta llograph ic  data on the l a t t e r ,  the main 
product o f  the reaction  o f  CBgH^  ^  with MeAuPR  ^ reagents has been shewn 
to  be the mixed valence gold  s a lt  [ (PR3 ) 2Au]+ [A u tC B gH ^ ij]" . The 
structure o f  the tricyclohexylphosphine d er iva tiv e  was estab lished by 
X-ray crysta llography and shown to  consist o f  lin ea r A u (I )  cation , 
[((c y c lo -C gH ^  JjPJjAu ] *  and a ocnroo A u ( I I I )  auracarbaborane anion 
[Au(CBgH^2 ) ]~ . The anion was found to  be present in  tw o isomeric 
conformations, in  which the two carbaborane sub-clusters are 
coordinated t o  the cen tra l gold  atom in  an an ti o r syn o r ien ta tion . In  
both isomers the go ld  atom occupying the ccmmo ve rtex  has a pseudo 
square planar coordination geometry.
The inter-atom ic d istances found fa r  the ordered [CBg] sub-unit 
o f  the auracarbaborane (10) anion (see Figure 91) a re  w ith in  the 
ranges observed fa r  the previously characterised ruthenacarbaboranes 
(see  Chapter 3 ). Those observed fa r  the disordered syn and an ti [CBg] 
sub-units show grea ter variance from the expected range (see Figures 
92 and 9 3 ), including severa l excessive ly  long and sh o rt distances o f  
-195 pm and -158 pro. These distances do however have t o  be considered 
in  conjunction with both the apparent c rys ta l d isorder and the 
observed standard d evia tions o f  4-8 pm.
The anion o f  auracarbaborane (10 ), [ (CBgRjjjAuiCBgH^)]“ , has 92 
valence e lectrons as ca lcu lated  fo r  a ocnroo polyhedron according to  
the Mingoe37 e lec tron  counting ru les fo r  condensed polyhedra.
The presence o f  two isomeric farms o f  auracarbaborane anion 
[ (CBgH12) 2Au]~ in  auracarbabarane (10 ), and by analogy a ls o  fo r  
auracarbaborane (8 ) ,  c o rre la tes  with the n.ra.r. spectroscopic evidence 
obtained on these products noted e a r lie r .  Thus the observed
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1:1 :1 :1 :4 :4 :2 :2  pattern o f  the11B n.ra.r. spectra o f  auracarbaboranes 
(8 ) and (10) shown in  Figures 84a and 86 respective ly  a r is e  iron  the 
overlapping o f  the 1 : 1 : 2 : 2 :2  spectrun fo r  each o f  the iscroeric 
carbaborane anions. Note tha t id en tifica tion  o f  each 1:1 :2:2:2 
spectrum (annotated in  Figure 86) is  derived from the r e la t iv e  
in ten s it ie s  o f  each resonance in  these spectra, made possib le by the 
presence o f  unequal amounts o f  each isomer. These assignments are 
confirmed by the spectrum o f  the s in g le  isomeric form o f  
auracar baborane ( 8 ) is o la ted  by repeated re c ry s ta llis a tio n  (Figure 
85 ). unfortunately the assignment o f  each 1 :1 :2 :2 :2  11B n.ra.r. 
spectrum to  a particu lar isomer is  not possib le  from the data 
obtained, though one might suspect that the an ti isomer would be the 
p re ferred  conformation and thus be responsible fo r  the 1 : 1 : 2 : 2 :2  
spectrum o f  g rea test in ten s ity  in  the observed spectra (see Figure 86) .
The presence o f  term inal hydrogens on each o f  the boron atoms o f  
the [CBgH^J sub-cluster w ith in  the l(CSgH^JjAu)“  anion and the 
presence o f  buo id en tica l bridging hydrogens on the open face was 
confirmed by a se ries  o f  1H<1 1 B<w 1ff^ ) - 1H subtraction spectra obtained 
on the iso la ted  isomer o f  auracarbaborane (8 ) (Figure 94 ). The 
observed corre la tion  o f  the bridging hydrogens to  two resonances o f 
tv o - fo ld  in tensity  c le a r ly  indicates that the bridging hydrogens 
connect the B (7,8) and B(5,10) boron a tans, as expected fo r  the 
arachno configuration. The assignment o f  the resonances in  the 11B and 
1H n.ra.r. spectra o f  auracarbaboranes (8 ) and (10) were then deduced 
from comparison with the s h ifts  observed fo r  the arachno ruthenacarbaborane 
(3 ) (s e e  Chapter 3 ) .  The n.ra.r. spectra assignments fo r  the leaneric 
mixture o f  auracarbaborane anions ( (C B gH ^ jA u ]' and fu rther n.ra.r. 











where th e  is o l a t io n  o f  th e  same commo au racarbaborane an io n  from a  
s t a b le  in term e d ia te  g o ld  com plex i s  d is c u s s e d .
S in c e  th e  work co n ta in ed  in  t h i s  t h e s i s  was com p leted  Welch e t  
a l 204,205 have pu blish ed  f u r t h e r  r e s u l t s  o f  an alo go u s work w ith  
decaborane( 1 4 ) .  From t h i s  work th e  m ajor produ ct w as id e n t i f i e d  a s  th e  
mono b r id g e  s u b s titu te d  p ro d u ct (cyclo -C gR ,., ^ P A u B ^ H ^ 204. In  a d d it io n , 
two auraborane an io n s w ere is o la t e d 205, namely [ (B1 QH1 2 )Au(B1 qH ^ ) ] '  and 
[ ( B ^ H ^ M u i B ^ j ) ) 2“  (se e  F ig u re  95>.
The s t r u c tu r e  o f  th e  au ra b o ra n e(1- )  an io n , [ (B ^ H ^ J A u iB ^ H ^ )  ] " ,  
was found t o  be s im ila r  t o  th e  a n t i  co nform ation  o f  auracarbabo ran e (10 ) 
d e sc r ib e d  above a l b e i t  w ith  an o v e r a l l  n id o  ocrmo c l u s t e r  gecm etry 
co n ta in in g  qH ^  l ig a n d s  r a t h e r  than  arachno ocmno c l u s t e r  gecm etry
a) b)
F ig u re  9 5. S tru c tu re s  o f  th e  au raborane an io n s205 
. )  [<B10h12)*u(B,0Hu » -  and b)
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containing CBgH^ ligands o f  auracarbaborane (10 ). In  contrast to  
auracarbaborane ( 1 0 ) the syn conformation was not observed fo r  the 
decaborane analogue.
The structure o f  the auraborane(2-) anion, [ (B10H1 2 )Au(B1 QH13) 
as determined by X-ray crysta llography, was shown to  consist o f  a nido 
(B1 qh12Au ) sub-cluster fused a t  the gold  vertex  to  an arachno 
(AuB1QH13) sub-cluster. The auraborane(2-) anion thus d i f f e r s  from the 
auraborane (1 - )  anion by the add ition  o f  a hydride ion, which 
contributes by providing a fu rther o ve ra ll negative c lu s te r  charge and 
a th ird  b ridging hydrogen a ton on the open face o f  the arachno 
sub-cluster.
In  view  o f  the observed d i f f i c u l t ie s  in  refinement o f  the 
auracarbaborane X-ray structure, i t  seems reasonable t o  question 
whether a s im ila r  dianion consisting o f  arachno and hypho sub-cluster 
u n its  may be present in  auracarbaborane ( 10 ) .  This i s  however, 
discounted fo r  the fo llow in g  reasons. F ir s t ly ,  i f  the auracarbaborane 
( 1 0 ) was a d ianion, then one would expect to  id e n t ify  two [ (FR3 ) 2Au] + 
cations fo r  each oonmo carbaborane anion in  the X-ray crysta llograph ic 
study. This was not observed. Secondly, the addition  o f  a further 
endo hydrogen to  the CBgH^ fragment would be expected to  reduce the 
symmetry o f  the c lu s te r  and there fo re  produce an 11B n.m .r. spectrum 
ve ry  d if fe r e n t  from the overlapping 1 : 1 : 2 : 2:2  pattern observed. i f  
the p o s s ib il ity  o f  one carbaborane fragnent being coordinated to  the 
ocnroo gold  atom v ia  a B-Au-B bridge is  considered, thereby retain ing 
an arachno sub-cluster structure, the additional bridging hydrogen 
could be accomodated on the open face  o f  the c lu s te r  but th is  would 
again  reduce the symmetry o f  the c lu s te r  w ith the above consequences 
in  the expected 11B n.m .r. spectrun.
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The major product iso la ted  from the reaction  o f  MeAuPPh  ^ with 
has been id e n t if ie d  as the mononuclear ccnmo-auracarbaborane 
spec ies  [Au fC B gH ^ jJ " [AuPicyclo-Cgtt, 1 ) 2) + (8 ) (see Section 4 .2 ).  In 
con trast, Welch e t  a l202 have found that the reaction  o f  
decaborane(14), B1 qRj 4, w ith  MeAuPEt^ y ie lded  the hexanuclear t r ip le  
c lu s te r  (B ^ R jj i^ g C P E tg )^  as the major product. The ob je c tiv e  o f  
both o f  these reactions was to  synthesise a go ld  d e r iv a t iv e  o f  the 
borane c lu ster by replacement o f  a s in g le  b ridg ing  hydrogen a ton on 
the open face o f  the borane c lu s te r  w ith the iso lob a l AuPRg fragment. 
The major product o f  both reactions has c le a r ly  resu lted  from a more 
complex substitu tion , above and beyond a s in g le  hydrogen replacement 
y ie ld in g  c lu sters w ith  sk e le ta l metal atoms o f  high coordination.
Welch e t  a l202' 204 have iso la ted  the b ridge substituted product 
[n ido->*r-5>6-(AuP(cyclc>-C(-H1.1) 3- 8-, 0^ 3 ] using the more s ta r ic a l ly  
demanding gold  phosphine, MeAuPicyclo-Cgl^ 1 )g .  Since the product o f  
the analogous reaction  o f  CBQH14  w ith  the tricyclohexylphoephine gold  
reagent has been shewn t o  y ie ld  a mononuclear ocrano auracarbaborane 
anion (Section 4 .2 ),  the products obtainable from the reaction  o f  
boranes or carbaboranes w ith  go ld  phosphine reagents would appear to  
be s en s it iv e  to  the boron c lu ster geometry, the go ld  phosphine used 
and th e  reaction  conditions employed. The existence205 o f  
[(B 10H1 2 )Au (B1qH12)]~ »  the decaborane analogue o f  the iso la ted  oenroo 
auracarbaborane anion, was not known during the course o f  th is  work.
From a ligand poin t o f  view  the less  s te r ia a l ly  demanding
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arachno carbaborane CBgH  ^4 is  more l ik e ly  to  be ab le  to  coordinate to  
a s in g le  go ld  atom to  form a d isubstitu ted product than i s  the nido 
decaborane fragment. However, given  that the condensation o f  fu rther 
[AuERg] fragments is  so rea d ily  observed in  the decaborane reaction  i t  
would seem l ik e ly  that under the conditions employed fo r  the reaction  
o f  MeAuPPhg and CBQH14  ( i . e .  a f iv e - fo ld  excess o f  the go ld  reagent) 
a minor product in vo lv in g  seme further gold  condensation would be 
produced. This in  fa c t  has proven to  be the case.
IXuring the attempts to  grew crys ta ls  o f  auracarbaborane (8 ) fo r  
X-ray ana lys is , in  add ition  to  the previously noted isomeric 
p u r if ic a tio n , c rys ta ls  o f  ¿mother product auracarbaborane ( 1 1 ) were 
obtained. Mistakenly b e lie v ed  to  be c rys ta ls  o f  auracarbabarane (8 ) ,
i . e .  the triphenylphosphine anologue o f  auracarbaborane ( 1 0 ) ,  one was 
found t o  be su itab le  fa r  X-ray analysis  and was subjected t o  a fu l l  
crysta llograph ic  structure determination. Unfortunately the o r ig in  o f  
auracarbabor ane ( 1 1 ) i s  not c lea r , so d iscussion o f  the p o s s ib i l i t ie s  
i s  de ferred  u n t il a f t e r  the fo llow in g  descrip tion  o f  the found 
structure.
A drawing o f  the c r y s ta l and molecular structure found fo r  the 
auracarbabarane (11) i s  shown in  Figures 96 and 97 w ith diagrams o f  
s k e le ta l distances g iven  in  Figure 98. The structure o f  the 
auracarbaborane (11) e s s e n t ia lly  comprises two [OBQ] c lu s te r  units 
sandwiching a cen tra l heptanuclear [Au^] c lu s te r . The metal c lu s te r  
core consists  o f  f iv e  [AufPEbg)] fragosnts and two gold  atoms Au(2) 
and Au(5) lig a ted  by the carborane c lu s te rs . The geometry i s  best 
described as a capped tr ig o n a l bipyramid w ith  an edge bridging 
[AutPStLj)] group. Hence A u (2 ), Au(5) and Au(3) d e fin e  the tr ig on a l 







F igu re  96. Drawing o f  the c r y s ta l and m olecular structure o f
auracartaaborane ( 1 1 ) ,  [ (CBg^jAuMAuPPhjJjiAuCBgK, 1) ) .


























































































































Au (1 )-P (1 ) 228.3(10)
Au (4 )-P (4 ) 232.4(9)






Au(4 )-Au( 6 ) 285.0(2)
Au(5)-Au(7) 293.9(2)
Au (3 )-P (3 ) 228.4(8)
Au(6 ) - P (6 ) 229.7(9)
Table 15. In te r-a  ton ic  Au-Au and Au-P distances (pm) fo r  the cen tra l
heptanuclear go ld  core o f  ( (CBgH12Au) (AuPPh-jl^tAuCBgR^ 1 ) ] (11 ).
Gorapound Arachno-(11) *rachno-(3) N lck M I)
B (5 )-C (6 ) 178.9(63) 171.2(9) 154.5(28)
C (6 )-B (7 ) 170.7(49) 173.6(10) 156.7(29)
B (7 )-B (8 ) 189.5(61) 186.3(11) 194.1(36)
B(8)-M(9) 235.3(36) 231.6(5) 227.2(20)
M(9)-B(10) 235.6(40) 230.3(6) 236.2(21)
B(10)-B(5) 180.6(69) 190.4(9) 184.8(34)
C (6 )-B (2 ) 169.5(55) 166.0(7) 174.6(27)
Table 16, Comparison o f  inter-atom ic distances (pm) around open 
face o f  nido and arachno ru thenacarbaboranes ( 1 ) 
and (3 ) and the auracarbaborane (11) (M ■ Ru, Au).
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The Au(PPh3) fragment Au(7) caps the Au(1 ) (2 ) (5 )  face, with Au(6 ) 
bridging the Au(4 ) -Au(5 ) edge.
Each o f  the two carbaborane residues is  coordinated v ia  the 
triangu lar portion  o f  the open face to  a polar gold  atom o f  the 
cen tra l gold c lu s te r . One o f  the carbaborane sub-units is  coordinated 
by a further go ld  atom, namely the edge bridging gold  a tan Au(6 ) , 
which is  coordinated to  B(105) and B( 110) on the square open face  o f  
the carbaborane sub-unit. Hie pos ition  o f  Au(6 ) c le a r ly  removes any 
synmetry w ithin the oentral gold  sub-cluster and a lso  between the two 
carbaborane sub-clusters. The two carbaborane ligands are in  a 
staggered o r ien ta tion , approximately perpendicular w ith respect to  
each other.
The in  ter-atom ic distances observed around the open faoe o f  the 
aura carbaborane u n its , in  particu lar the C(6 ) to  B (2 ,5 ,7 ) d istances, 
are consistent w ith  an arachno c lu s te r  structure, by comparison t o  the 
distances observed fa r  the nldo and arachno ruthenium [CBg] 
d e r iva tives  (1 ) and (3 ) ,  (see Table 15). Though hydrogen atoms were 
not located in  the c rys ta l structure determination, the forementioned 
distances reasonably ind icate the presence o f  a CH  ^ ske le ta l fragment 
in  each carbaborane c lu ster.
A sim ilar lack o f  crysta llograph ic and spectroscopic evidence 
fo r  the presence o r  otherwise o f  bridging hydrogen atoms on the open 
few » o f  the carbaborane sub-units is  not solved by examination and 
oarpariacn o f  the inter-atom ic distances around the open face o f  the 
auracarhaborane (1 1 ), sinoe the observed B(5)-B(10) and B (8)-B (7) 
distances o f  the nldo and arachno ruthenacarbaboranes have not been 
found to  be ch arac te r is tic . However, given that a group is  
ind icated, such a fragment is  associated only with arachno
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carbaboranes, and thus indicates the presence o f  bridging hydrogens 
positioned on the square portion o f  the open face o f  each carbaborane 
sub-unit, i . e .  B(107)-H-B(108), B(205)-H-B(210) and B(207)-H-B(208). 
Presumably, there is  no bridging hydrogen a t B(105)-H-B(110), since 
th is  s i t e  is  occupied by the bridging Au(6 )PPh3 fragment. The 
a lte rn a tiv e  nido formulation fo r  th is  sub-cluster, in  which a s in g le  
endo hydrogen is  incorporated as a CHj group, in  preferanoe to  a CH 
and BHB bridge i s  not a feature observed in  other carbaborane c lu sters .
The fundamental t r ip le  c lu ster arrangment o f  the auracarbaborane
( 1 1 ) is  s im ila r to  the recen tly  reported202 hexanuclear t r ip le  c lu ster 
[(B 10H12Au)(AuPEt3 )4 (AuB10H1 2 ))#  in  that the structure comprises two 
borane type un its sandwiching a cen tra l gold  atom c lu s te r , though they 
d i f f e r  g rea tly  in  the nature o f  the two sub-cluster composition (see 
Figure 99a).
Apart from the obvious d iffe ren ces  between the [CBg] and [B^g] 
residues in  each o f  the t r ip le  c lu s te rs , in  the auracarbaborane ( 1 1 ) ,  
there are seven, as opposed to  s ix , go ld  atoms w ith in  the central gold  
c lu s te r . The cen tra l gold  c lu ster o f  the auraborane complex is  
described as having a ra d ia lly  compressed octahedral geometry202, with 
a symmetrical square array o f  four AuPPhj fra^nents around the 
B1 QAu-AuB10 a x is . This contrasts to  the rather less  symmetrical 
d isposition  o f  the f iv e  AuPPh3 fragments o f  the auracarbaborane (1 1 ). 
The a x ia l go ld  separation ( i . e .  the interatom ic distance between the 
go ld  atoms coordinated to  borane ligands) in  the auracarbaborane 
(Au(2)-Au(5) ■ 278.5(2) pm) is  some 13 pm shorter than that found in  
the auraborane,(291.88(16) pm). Ib is  a x ia l compression is  consistent 
w ith  the d iffe ren ce  between an octahedral and pentagonal bipyramidal 
type geometry, where coordination o f  a fu rther equatoria l atom causes
204
a )
Figure 99. Drawings o f  the molecular structures o f ;
a ) I(B 10H12»uH »uPE t3 ) 4 (AuB10H1 2 ) ) 202
b ) [A O y iP P h j),]*  206
c l  [Hu3O=Bu3(a0 ))2 (PB l3 l3] 207.
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the equatoria l b e lt  to  beocme expanded and conséquentia l l y  the ax ia l 
d istance reduced.
Whilst the gold  c lu ster geometry o f  the heptanuclear auracarbaborane 
(11  )  outlined above is  co rrec tly  described in  terms o f  a capped and 
edge bridged tr igon a l bipyramid, a lte rn a t iv e  descriptions as condensed 
tetrahedra or d is to rted  pentagonal bipyramid are found to  be useful in  
comparison w ith  geometries adopted by other heptanuclear metal 
c lu sters .
Of the wide range o f  metal c lu s te rs  known the heptanuclear 
compounds are le s s  w e ll represented, in  pa rticu la r only one 
hcmo-heptanuclear gold  c lu ster has been iso la ted , namely [A u ^ P P h ^ ]* ,  
which has been shown to  have a pentagonal bipyramidal structure206 
(F igure 99b). Other hcmonuclear seven atom c lu s te rs  a l l  have 
capped-octahedral geometries, as ty p if ie d  by Rh^OO)^ and Os^OD)^ and 
are  th erefore unrelated to  the auracarbaborane structure. The gold 
containing hetero-heptanuclear metal c lu s te rs  characterised have 
conformed to  a structure based on a bi-capped trigon a l bipyramid, as 
exeiqp lified  by [AU jC bK U jIO D ^IPB ijlj)207 (s e e  Figure 99c.)
In  th is  exaitple the structure is  reasonably predictable since 
the o r ig in a l N^M' c lu s te r  conforms to  the same structure, a lb e it  
including the bridging hyride v e r t ic e s .  D irect replacement o f  the 
bridging hydride atoms w ith [AuPPh^l units y ie ld s  the heptanuclear 
species, w ith  the increased metal content. In  th is  instance the edge 
bridging hydride ligands o f  the parent species are replaced by face 
bridging AuFPh^ fragments. Other re la ted  hetaro-hepta-nuclear 
compounds show a s im ila r gross structure, one example being, 
[Au ^R u ^ (^ -O to ) (OD)^(PFh^)^]^®®, where the seventh metal position  is  
occupied by the t r ip le  bridging cmrbyne.
206
« b £
Axia l 278.5(2) 258(2)
Radial 265.7(2)-293.9 (2 ) 274(2)-290(2) 262-272
Peripheral 285.0(2)-299.3(2) 287(2)-300(2) 280-310
Au-P 228.4(10)-232.4(9) 222(6)-238(6)
Thble 17. Comparison o f  Au-Au distances (pm) o f  a ) [AUy] core 
unit o f  auracarbaborane ( 1 1 ) ,  b ) [A u ^ P P h ^ ]*  206
c ) distances found in  high nuclearity  go ld  c lu s te rs212.
The bicapped-trigonal bipyramidal structure adopted by these 
metal c lu sters d i f f e r s  from that observed fo r  the auracarbaborane ( 1 1 ) 
in  the position  o f  the two capping/bridging fragments, as shown by 
comparing Figures 99c and 96. In  the hetero c lu s te r , the capping 
fragments are adjacent on one side o f  the tr igon a l equatoria l plane 
w h ils t in  the auracarbaborane they l i e  e ith e r  side o f  the plane.
Of the three stru ctu ra l conformations observed fo r  heptanuclear 
metal c lu sters , the auracarborane [Au^] geometry is  most e a s ily  
derived  from the pentagonal bipyramidal geometry found fo r  [AUyfPPh^).^*. 
The notional unlinking o f  one gold vertex  in  the pentagonal equatoria l 
plane o f  the la t t e r ,  causing i t  to  be edge bridging, y ie ld s  the 
structure o f  the auracarbaborane metal core c lu ster.
The observed go ld -go ld  distances found fo r  the heptanuclear core 
o f  the auracarbaborane (1 1 ) (Table 17a) are oanjparable to  the rad ia l 
and peripheral distances observed fo r  other polynuclear gold  c lu sters  
(Table 17c), where the la t t e r  are genera lly  found to  be 10-30 pm 
longer than the former. The Au-Au interatom ic distances found fo r  
auracarbaborane ( 1 1 ) show a longer rad ia l bond distance range s im ila r
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to  th a t o f  [A u ^ P P h ^ y ]*  (Table 17b). The a x ia l Au-Au distance o f  the 
auracarbaborane ( 1 1 ) is  seme 20 pm longer than tha t found in  
[Au7 (PPh3) 7] \  ind ica ting  a less  compressed pentagonal bipyramidal 
structu re, presumably resu ltin g  from the unlinking o f  Au(6 ) , one o f  
the members o f  the pentagonal equatoria l b e lt .
W hilst the bond angles o f  the s l ig h t ly  puckered equatoria l 
pentagonal Auj b e lt  o f  [A u ^ P P h ^ ]*  (106 .3 -109 .4 (0 .4 )°) conform to  
tha t expected fo r  a regu lar pentagon (108°) and indeed to  the 
tetrahedra l angle (109 °), those o f  the auracarbaborane are compressed 
t o  -104°, a lso  possib ly  as a resu lt o f  the unlinking o f  the Au(6 ) go ld  
v e r tex  from the pentagonal b e lt .
Another s ig n ific a n t d iffe ren ce  between the auracarbaborane (11) 
and [Au7 (PPh3 )7 ]'f  i s  the o r ien ta tion  o f  the phosphine ligands. In  the 
la t t e r ,  the phosphine-gold vectors are  d irec ted  approximately towards 
the oentre o f  the pentagonal bipyramld (a  quasi tetrahedra l 
d is p o s it io n ), w h ils t in  the auracarbaborane ( 1 1 ) ,  the Au-PFh^ vectors 
a re  approximately co -lin ea r with a rad ia l Au-Au v e c to r , y ie ld in g  an 
o v e r a l l  d isp os ition  o f  phosphine ligands a lte rn a tin g  in  a one-up, 
cne-dewn fashion around the equatoria l b e lt .
The la rge  cone angle o f  the PPt^ ligand (Tblman cone angle206 ■ 
145°; Mingos cone angle209 ■ 111°) does not appear t o  adversely e f f e c t  
the o r ien ta tion  o f  the phosphine ligands in  the pentagonal bipyramidal 
[Au7 (PPh j)7 J+ c lu s te r . In  the auracarbaborane, the presence o f  the 
carhaborane ligands and displacement o f  the Au(6 ) v e rtex  to  an edge 
b rid g in g  pos ition  does not appear t o  be any more s te r io a l ly  demanding 
than the triphenylphosphine ligands o f  the [Au7 (PPh3 ) 7 J'f  c lu ster, 
hence, s te r ic  hlnderenoe i s  not thought to  be the dominant fa c to r  in  
the anomlolous phosphine d ispos ition  observed in  the auracarbaborane.
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Centrally d irected  phosphine ligands are found fo r  a range o f  
homo and hetero go ld  c lu s te rs . However, the a lte rn a tiv e  rad ia l 
d isp o s it io n  is  found in  some smaller go ld  c lu sters , such as 
P 8 (0 0 )4 (fciPPh3 ) j 210 and V ( a » 5 (*uPFh3 >j21' , where the phosphine 
ligan d s  are oo -lin ea r w ith  the V-Au and Fe-Au vectors re sp ec tive ly .
T tiis  feature has been explained in  terms o f  'supplementary bonding', 
in  which the peripheral bonding i s  considered on ly t o  be a weak 
in te ra c tio n , consistent w ith  the longer Au-Au d istances. This a rises  
because the AuHtj fragment has ava ilab le  fo r  sk e le ta l bonding a s in g le  
lew  ly in g  sp^ hybrid o rb ita l and tvo  r e la t iv e ly  high ly in g  p " ’ 
tan gen tia l o rb ita ls . The high gold  s-p  promotional energies and small 
6pTr -6p‘fr overlap in teg ra ls2 12 ' 213 there fo re  d ic ta te  that the la t t e r  
p la y  a reduced r o le  in  c lu s te r  bending.
These peripheral Au-Au distances are comparable t o  the 
in ter-m olecu lar distances link ing  dinuclear go ld  complexes in  the 
s o l id  s ta te . Che example o f  th is  i s  [Au^ S jCNBUj ) ^ ,  where the in tra - 
and in  ter-molecular d istances are 279 and 302-340 pm resp ec tive ly214.
Ftur FeiOO^AuPPhjJj the Au-Au distance o f  302.0(1) pm i s  a lso  o f  a s im ila r  
magnitude209. The bonding in  th is  oemplex has been described as 
Interm ediate between two c is  Au-Fe two-oentre two-electron bonds and a 
th ree-cen tre  two-electron bend213.
Fbr auracarbaborane ( 1 1 ) ,  the in p lica ticn  o f  th is  theory is  that 
the strongest bonding contribution o f  the AuPPhj fragments o f  the 
c e n tra l gold c lu ster is  d irected  along the Au-PPh^ ax is  towards the 
re le va n t ocomo gold  atom. One would therefore expect to  fin d  these 
Au(ocnmo)~AuPPh3 distancea t o  130 the shortest w ith in  the c lu s te r . Thus 
from  the observed o rien ta tion  o f  the phosphine ligands in  
auracarbaborane (11) (shown in  Figure 96) the gold -gold  Interatom ic
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distances Au (1 )-Au (5 ), Au(2)-Au<3), Au (2 )-Au (7 ), anti Au(4)-Au(5) would 
be expected to  be th e  smallest and indeed reference to  Table 15 shows 
th is  to  be the case.
As noted e a r l i e r ,  the o r ig in  o f  auracarbaborane (11) is  not 
c lea r . Because the n .m .r. spectra o r ig in a l ly  obtained fo r  
auracarbaborane ( 8 ) were thought to  be due to  th is  heptanuclear 
complex no fu rther work was carried  out on th is  product, with the end 
resu lt being that in s u ff ic ie n t  time was a va ila b le  to  in ves tiga te  once 
the true id en tity  o f  auracarbaborane ( 8 ) as [ (Ph;jP )2Au]+tAu(CB8H1 2 )2 J_ 
had been estab lished.
Since th is  compound was obtained from the r e c ry s ta llis a t io n  o f 
auracarbaborane (8 ) two p o s s ib il it ie s  e x is t .  F ir s t ly ,  the heptanuclear 
auracarbaborane ( 1 1 ) i s  derived from a complex degradation/aggregation 
reaction o f  the mononuclear ccmmo-auracarbaborane ( 8 ) which oocured 
during i t s  r e c ry s ta ll is a t ic n  from d ich lo  rone thane. A second 
p o s s ib ility  is  that auracarbaborane ( 1 1 ) i s  in  fa c t  the previously 
id en tified  minor product auracarbaborane (9 ) (see  Section 4 .2 ). Of 
these two p o s s ib i l i t ie s  the la tte r  i s  favoured, since the iso la tion  o f 
the major product by t . l . c .  could have su ffered  from entrainment o f 
the minor product auracarbaborane (9 ) .  The 11B n.m .r. spectrun shown 
in  Figure 84 does o o r re la te  to  that expected fo r  a c lu s te r  species 
involving a t lea s t two carbaborane fragments, fu rther favouring the 
co -id en tity  o f auracarbaboranes(9) and ( 1 1 ) .
The possible form ulation o f  the auracarbaborane ( 1 1 ) as an 
anicnic species i s  excluded by v ir tu e  o f  i t s  synthesis in  the abeenoe 
o f  a su itab le s ta b i l is in g  cation, i . e .  preparation from GBgH^  4 and 
MeAuPPh^. The presence o f  a gold counter ca tion  i s  c le a r ly  discounted 
by i t s  abeenoe from th e  crysta l structure determ ination.
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4 ,4  A  BINUCLEAR H g f l B B M I  'A ' O C M PIgU
™  A H U M  SBBBb ffP  >clhcim^ _ groucnig^F
[ ( < t o ) (M » a bH1J) 2] ( 1 2 ) ,
The go ld  ( I )  phosphine reagent ClAufPPh^), has been shown to  
reac t with the carbanonaborane anion [CBgH ^]“  y ie ld in g  the 
mononuclear ccnnp auracarbaborane (8 ) [ (CBgH^JAu]”  t (AuPPhjJjJ*. 
Evidence o f  fu rth er gold  fragment condensation was provided by the 
characterisa tion  o f  the heptanuclear t r ip le  c lu s te r  auracarbaborane
(1 1 ). The structura l aspects o f  th is  heptanuclear [Au^] c lu ster were 
discussed in  Section 4.3 w ith b r ie f  re ference t o  i t s  novelty in  
con trast to  the number o f  other known hcmonuclear gold-phosphine [Aun] 
c lu s te rs . The is o la t io n  o f  th is  heptanuclear sp ec ies , an odd number o f  
g o ld  atoms in  both senses o f  the word, ra is es  the question o f  whether 
o th er t r ip le  c lu s te rs  oould be synthesised where 'n ' is  more 
rep resen ta tive o f  the foresa id  gold-phosphine c lu s te r  se r ies . A 
c o ro lla ry  to  th is  question i s  whether species w ith  n < 7 would be 
s tru c tu ra lly  in d ica tive  o f  the stepwise form ation  o f  the heptanuclear 
sp ec ies . In  p a rticu la r , would the [Aug ] c lu s te r  have an octahedral 
geometry as observed fo r  the borane t r ip le - c lu s te r  o r a capped 
tr ig o n a l bipyramidal structure. The geometry o f  the [ (GB8 )Au8<C88 ) ] 
sp ecies is  a ls o  o f  in terest in  order to  Id e n t i fy  the stepwise growth 
pattern .
In the heptanuclear [Au^] auracarbaborane (1 1 ), the coordination 
o f  the two carbaborane ligands to  the cen tra l g o ld  sub-unit is  v ia  one 
and two gold atoms. For a hypothetical auracarbaborane t r ip le  c lu ster 
w ith  an even nunber o f  gold  atone, would the carbaborane residues be 
s im ila r ly  asym nstrlcally coordinated 7
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In order to  synthesise an even-numbered polynuclear g o ld  t r ip l e  
c lu s te r  a binuclear go ld  complex was deemed to  be a su itab le  reagent. 
The use o f  a reagent containing two gold  a tans linked v ia  a b iden tate 
bridging phosphine ligand may lead to  products containing a t  le a s t  one 
Auj core unit o r  m ultip les o f  th is  un it, [A U j^ .
The reaction  o f  the go ld  ( I )  reagent CljAu^dppe) w ith  the 
carbanonaborane anion [CBgH^j”  was th erefore undertaken. W h ils t any 
po ten tia l stepwise condensation o f  th is  phosphine bridged g o ld  oonplex 
is  c le a r ly  not d ir e c t ly  analagous to  that o f  the mononuclear go ld  
oanplex, other in te res tin g  aspects o f  the condensation process were 
p o ten tia lly  d iscern ib le . C lea rly , the most s ign ifican t e f f e c t  t o  be 
estab lished was the e f fe c t  on c lu s te r  geometry o f  the res tra in in g  
bridging phosphine ligand . The semi-unlinking o f  the b ridging 
phosphine from in  the v ic in i t y  o f  the condensation reaction  a ls o  
o ffe red  the p o s s ib il ity  o f  products resu ltin g  from exo-polvhedral 
r-B-Au-P-CH2-CH2-P-i borocycle formation.
The choice o f  reagent was there fo re  lim ited  to  a number o f  
binuclear gold complexes o f  the type XAuL-LAuX where X is  a h a lid e  and 
L-L a bidentate phosphine ligand, such as Pt^PO^PPt^ (dppm) o r  
F^PO ^O ^PPt^ (dppe). Of these two phosphine ligands dppe o f f e r s  two 
advantageous fea tu res. F ir s t ly  dppe is  a more stab le ch e la tin g  ligand . 
The comparison o f  the rhodiun complexes [RhCl(CD) (L-L ) ] i l lu s t r a t e  
th is  feature s ince a monomeric oarplex i s  found when L-L -  dppe and 
d im eric when L-L -  d p p r*  .  This e f fe c t  may a ss is t the unlinking o f  
one go ld  atom from the binuclear ocmplex fo r  c lu ster aggregation  and 
possib ly  promote go ld  ca tion  formation.
More iiqportantly, o f  theee two bridging phosphine ligands dppe 
was favoured due t o  the structural f l e x ib i l t y  o f  the pnM<hi*  s ix
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merobered Au-P-C-C-P-X heterocycle , where X -  Au' o r  B, over the f iv e  
merabered heterocycle possib le  from dpprn.
The reaction  o f  a 1:2 m ixture o f  AUjCl^dppe) w ith  L i [CBgH^  ^ ] in  
d ie th y l ether a t room temperature afforded yellow  crys ta ls  o f  compound
(12) and a red so lid , compound (1 3 ). The reaction  o f  the carbaborane 
anion with excess o f  the gold reagent under sim ilar
experimental conditions d id  not re su lt  in  the formation o f  any new 
products, as indicated by id en tic a l t . l . c .  analysis.
The 11B n.m.r. spectrum o f  auracarbaborane (12) gave e igh t 
d isoem ab le resonances o f  equal in tegra tion  (Figure 100 and Ttable 18), 
thus ind ica ting  an asymmetric framework which o f  course could resu lt 
from e ith e r  asymmetric metal in sertion , exo cage substitu tion or 
asymmetry o f  the metal fragment.
None o f  the 11B resonances exh ib ited  any 31P coupling, thus 
elim inating phosphine substitu tion  on the cage boron atoms, whether by 
ligand transfer o r by exp-c y c l ic  r in g  formation. The two h igh -fie ld  
resonances were appreciably narrower than those a t lower f ie ld  and 
were o f  s im ila r shape, as was found fo r  the arachno 
ruthenacartaaborane (3 ) .  A s e r ies  o f  s e le c t iv e ly  11B decoupled 1H 
n.m .r. spectra shewed each o f  the e igh t boron resonances to  be 
assoc ia ted  with a terminal hydrogen (see Figure 101 and Table 18), 
thus confirm ing the absence o f  any type o f  exo substitution.
The presence o f  bridging BHB hydrogens is  indicated by two 
resonances in  the1 H{1 1 B) n.m .r. spectrum a t  -1.62 and -2.73 ppn. The 
s h i f t  o f  these signals a re  in d ica tive  o f  bridging hydrogen atoms 
connecting two boron atoms on the open face o f  a [CB0 ] o r  [MCBg] c lu ster 
as apposed to  the metal-hydride type MHB bridging hydrogens connecting 




















BOBON-n AfP PROTON N.M.R. DATA
Ten tative 11B 1H
Assignment (p.p.m . ) (p.p.m.
4 2 1 .1 2.69
2 4.1 2.76
5,7
/ 0 .0  












C<6 ) - H(e r *> ) -0.23
B(5)-H-B(10) -1.62
B (7)-H -B (8) -2.73
CHj o f  P -O ^ -O ^ -P -  3
P(C6«5>2 7 .2-7 .6
Table 18. Proton and boron-11 n .m .r. data f o r  auracarbaborane (12 ).
Figure 102.
Gold ligands not shown
(a ) (b )
Possib le  coord ination  s ite s  o f  g o ld  fragment to  
the carbaborane c lu s te r  in  auracarbaborane ( 1 2 ) .
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I t »  s h ifts  are thus more akin to  the B-H-B s h if t s  observed In  the
arachno ruthencarbaborane (3 ) them those found fo r  the nido 
ruthenacarbaborane (1 ) .  Furthermore, the s e le c t iv e ly  11B decoupled 1H 
n .m .r. spectra shewed each o f  these bridging hydrogens t o  be 
associated with two boron a terns, thus assigning them to  four d i f fe r e n t  
boron atems on the open face o f  the carbaborane residue.
The pattern and In tegra tion  ra t io  o f  the o ther resonances
observed in  the1H{1 1 B} n.ra.r. spectrvm confirmed the presence o f  one
dppe ligand and two carbaborane cages. The r a t io  o f  the aromatic
resonances o f  the dppe ligand to  the two BHB resonances. CH, . arri(exo )
C e r a io )  rescnanoes was found to  be approximately 20: 2 :2 : 2 :2  as required 
by fou r phenyl groups o f  one dppe ligand and two CHj fragments and 
four BHB hydrogen atoms o f  t w  arachno carbaborane c lu sters . The 
a lip h a t ic  OL, resonances o f  the dppe ligand (Ph )2P-CH2-CH2-P (Ph )2 
o ver la y  a t e m im i B-H resonance and therefore elude In tegra tion . The 
h ig h fie ld  CH resonance i s  found to  be sharpened an broad band 1^B 
decoupling ind ica ting  that th is  resonance couples t o  an adjacent boron 
atom, thus assigning i t  to  the andò pos ition , as was found fo r  the 
^ (e rx io ) hydr°9en ^  the arachno ruthenacarbabarane (3 ).
From spectroscopic evidence the auracarbaborane (12) is  
reasonably formulated as (CBgRj 2 )xAuy (dppe)z , where x : z -  2 : 1 and 
x ♦  z  -  3, 6 . .  e tc .  Whether the asymmetry o f  the auracarbaborane (1 2 ), 
as illu s tra te d  by the 11B n.m .r. spectrom, is  a re su lt  o f  an 
asymmetric go ld  in sertion  pos ition  w ith in  the framework (see Figure 
102a ) o r  the asynmetric con figuration  o f  the carbaborane and phosphine 
residues around the go ld  atom o r  atoms (Figure 102b) is  not access ib le  
from the spectroscopic data.
The insertion o f ruthaniim and gold fraepnants into the arachno
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(b )
Poss ib le  structures fo r  the auracarbaborane (12) 
( tB8Hi 2 ):t*Uy(dppe)i . For (a )  -  (d ) y  .  1 ,2 ,3 ,4 .
CBg framework has been shewn to  occur ex c lu s iv e ly  a t the 9- p os ition  
(see ruthencarbaboranes (1 ) ,  (3 ) and auracarbaborane (1 1 )).  In  each 
case the symmetric framework i s  rendered asymnetric by the exo-metal 
ligand d ip oe ition  (and exo-cage substitu tion ). Hence, the in sertion  o f  
the go ld  fragment in to  the square portion o f  the arachno [CEgHj-j]“  
carbaborane was thought t o  be u n lik e ly  (F igure 102a), the favoured 
structure being an 9,6-AuCBg type (Figure 102b). I f  the carbon atem 
was involved in  coordination o f  the gold  a tan, a d if fe r e n t  
d is tr ib u tion  o f  the endo hydrogens might be expected, perhaps a 
group w ith  the two bridging hydrogens as C-H-B and a B-H-B groups. In 
add ition  t o  the fa c t  that a C-H-B bridging hydrogen group has not to  
date been characterised in  any carbaborane c lu s te r , n.m.r. data 
obtained c le a r ly  discounts th is  p o s s ib il ity .
The value o f  'y* 111 the formulation postulated fo r  the 
auracarbaborane ( 1 2 ) i s  not obtainable from the spectroscopic evidence. 
As seen from the structure o f  the heptanuclear auracarbaborane (1 1 ), 
gold phosphine reagents can be incorporated in to  the CBg carbaborane 
framework w ith  o r  without phosphine e lim ination.
Thus i t  was conceivable that go ld  in sertion  in to  the CBg 
framework oculd re su lt  in  an aggregation product in  which the 
Au s dp *» r a t io  (y  :  z )  was not 2 : 1. In  p r in c ip le  'y '  could rarage 
from cna t o  fou r. The schematic structures o f  the c lu sters  that 
oonfarm to  the postulated stoichiom etry are shown in  Figure 103a-d.
Of those shewn, the binuclear go ld  oenplex (b ) is  c le a r ly  the 
most l ik e ly  product, since i t s  formation i s  e a s ily  v isu a lised  as the 
metathesis by d issoc ia tion  o f  ch lo ride  and coord ination o f  the 
carbaborane w ith elim ination  o f  hydrogen and oonoemmitant go ld -go ld  
bend formation.
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2 L i i C B g H ^ ) (CBgR, 2 )Au(dppe) AuCCSgH, 2)
♦  --------------*  ♦
ClAu(dppe)AuCl 2 L i d  ♦  Hj
I t »  forraattcn o f  the mononuclear complex (Figure 103a) 
containing a  go ld  a tan coordinating a chelating phosphine ligand, must 
involve amongst other processes, the breaking o f  an Au-P bond w ith the 
e lim ination  o f  the gold a ten. In  the formation o f  the heptanuclear 
auracarbaborane ( 1 1 ) ,  the reverse occurs, namely the go ld  atom is  
incorporated w ith  the phosphine elim inated. Presumably, the d r iv in g  
fo rce  fo r  t h is  is  the coordination o f  a carbaborane residue to  the 
gold  atom. Ona might th erefore expect the formation o f  another [AuCBg] 
product in  stoch ianetric  amounts i f  the mononuclear c lu s te r  was the 
major product. Cbuld th is  be the compound (13) ? (evidence noted la te r  
disproves th is  p o s s ib ilty ). The mononuclear gold  ocnplex does however 
appear t o  b e  very  s te r io a lly  crowded, and therefore le s s  favoured. 
Though h igh , the coordination number o f  the oonjuncto-gold atom is  not 
excessive in  comparison to  that observed in  the heptanuclear 
auracarbaborane (11 ). Both the t r i -  and tetranuclear complexes (Figure 
103c,d) a re  le s s  s te r ic a lly  demanding a id  contain lower coordinate 
gold  atoms.
For a l l  the postulated structures a-d (except b ) ,  th e ir  
formation would c lea r ly  be aoocnqplished only v ia  a complex aggregation 
process. W h ils t th is process would probably be no more complicated 
than that which led to  the formation o f  the heptanuclear 
auracarbabor ane ( 1 1 ) ,  the slxif>ler mechanism outlined above fo r  the 
formation o f  the hinuclear oogplax is  favoured.
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A fu rther a ttr ib u te  o f  the binuclear go ld  complex is  the lower 
coordination o f  the ccnno-gold-phosphine a tons, as observed in  the 
heptanuclear auracarbaborane ( 1 1 ) ,  where the degree o f  coordination o f  
the gold  atom to  other gold  atona w ith in  the go ld  sub-cluster is  
reduced by the coordination o f  a  phosphine ligand and conversely , is  
increased by i t s  e lim ination.
The predicted formulation o f  the auracarbaborane ( 1 2 ) is  
therefore <CB8H12*2Au2*dppe* ' corresponding to  the structure (b ) shown 
in  Figure 103.
In  order to  confirm the structu re  o f  the auracarbaborane (12) an 
X-ray c ry s ta l structure determ ination was undertaken. D e fin it iv e  proof 
o f  the formation o f  a go ld -go ld  bond would thus be provided, w ith  the 
add itional structural information regarding the conformation o f  the 
s ix  membered rAu-P-C-C-P-Au-, r in g .
The structure o f  the auracarbaborane (12 ) as determined by an 
X-ray d if fr a c t io n  study is  shown in  Figure 104. The structure is  as 
pred icted, a gold-oarbaborane t r i p l e  c lu ster w ith  a binuclear gold  
sub-unit. TV» [CBg] cartaaborane c lu s te rs  are lig a te d  to  the two gold 
atoms o f  the precursor thereby rep la c in g  the ch lorin e  a tans w ith  the 
resu ltant formation o f  an Au-Au bond. An a lte rn a t iv e  descrip tion  is  
that o f  an 'A ' frame auracarbaborane. The six-manbered auracyclic  rin g  
r-Au-P-C-C-P-Au-i is  seen to  adopt a  tw isted  ch a ir  conformation in  the 
so lid  s ta te .
The o r ien ta tion  o f  the carbaborane and phosphine ligands 
coordinated to  the gold  a tans is  such that a tw o-fo ld  ro ta tion  ax is  
in tersects the auracyclic rin g  in  th e  perpendicular d ire c tion , between 
the Au-Au and bonds. This equivalence i s  not crysta llograph iaa lly




Figure 104T Drawing o f  the X-ray c ry s ta llo g ra p h ica lly  determined 
molecular structure o f  the auracarbaborane 
(CB8H12,2Au2 (dppe) (1 2 )*
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evidence, in  that both CBg residues are magnetically equivalent and 
g ive  r is e  t o  one set o f  11B n .m .r. resonances.
For any one o f  the AuCBQ frameworks, the asymmetry o f  the 
exo-go ld  ligands causes each o f  the e igh t sk e le ta l boron atoms to  be 
m agnetically inequ iva len t, thus accounting fo r  the observed asymmetry 
o f  the 11B n.m.r spectrum.
As mentioned above, the conformation o f  the au racyclic rin g  is  
that o f  a tw isted ch a ir. As w ith  any other cyclohexane analogue, 
several o ther conformations are  poss ib le , lja. boat, tw is t b oa t,e tc . In  
order to  assess the relevance o f  the adopted conformation the 
a lte rn a tives  requ ire some d iscussion .
Considering the ch a ir  oonformer in  which the phosphorus atoms 
are considered the a p ica l atoms, the presence o f  the aromatic rings o f  
the phosphine in  the a p ica l pos ition s  in h ib its  the adoption o f  the 
boat conformation, since they would c le a r ly  in teract in  th is  
s te r ic a l ly  crowded isomer.
An a lte rn a tiv e  view  o f  the au racyclic rin g  is  that one CJ  ^
group and one AuCBQ group form the ap ica l v e r t ic e s . In  th is  oonformer, 
the f lip p in g  over o f  the CHj v e r tex  would lead to  a bottom heavy rin g , 
with a rather unhindered CHj apex. The flip p in g  over o f  the AuCB0 
vertex  would in  add ition  possib ly  lead to  g rea ter s te r ic  in teraction  
between the carbaborane residues.
Tn a l l  o f  the boat conformations discussed, the s te r io a lly  
demanding phosphine and carbaborane ligands c le a r ly  cause greater 
s te r ic  in teraction , thus favouring the chair oonformer. The formation 
o f  the tw isted  conformation may re su lt  from crysta llograph ic packing 
forces o r  fu rth er s te r ic  r e l i e f  gained by encroaching on the rather 
s te r io a lly  unhindered CHj v e r t ic e s  o r  indeed a combination o f  both.
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234.7(6) 265.7(1)
P<1> *1 (2 )
Figure 105. Skeleta l d istance« (pin) f o r  f i r s t  1 AuCBg' 
sub-unit o f  (<a8H1 2 )2Au2 (dppe) ( 1 2 ) .
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The observed Au-Au d istance o f  2.657(1) i s  feu: shorter than that
gen era lly  found in  b inuclear g o ld (I )  ocmplexes and more ocnparable to
tha t observed in  go ld  ( I I )  oaqplexes2^ ' ,213,216.
A u (I) [Au2a 2 (dppn)2] 296 pro
[Au2 (dppm-H)2] 288 pm
[AU jtE tjPO IjCH jS ij] 310 pm
[Au2 (B t2P(CH2 ) 2)2] 303 pro
Au2 (S2CNPr2 )2 276 pm
A u (II ) Au2a 2 (CH2PEt2CH2 )2 260 pm
The above go ld -go ld  d istances therefore re in fo rce  the proposal o f  an 
A u (I I )  oxidation  s ta te  f o r  the auracarbaborane (1 2 ), in  accord w ith 
the coordination o f  a [CBgH^]2- ligand. The diamagnetic nature o f  the 
auracarbaborane, as ev id en t from the normal l in e  width o f  the 
n.ra.r. spectra obtained i s  accomplished by the formation o f  the 
go ld -go ld  bond, thus sp in  pa ir in g  the paramagnetic 5d9 A u (I I )  metal 
e lec tron s.
Bach gold  atom has a  stable s ixteen  e lec tron  con figuration  made 
up o f  the eleven valence sh e ll electrons with the add itional electrons 
provided by two from the coordinated phosphine, one from the go ld -go ld  
bond and two e lectrons from the neutral CBgH^ carhaborane ligand .
Each go ld  atom provides two electrons and three o rb ita ls  fo r  bonding 
in  the auracarbaborane skeleton .
The observed arachno structure o f  the auracarbaborane ( 1 2 ) is  
thus maintained even though the gold atoms on ly  contribute enough 
e lectrons fa r  a formal n ldo  e lectron  count, as was found fa r  the 
arachno ruthenacarbaborane (3 ) .
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The observed ske le ta l inter-atom ic d istances are shown in  
Figures 105 and 106, with the fu l l  crys ta llo grap h ic  data contained in  
Chapter 5 . The ske le ta l inter-atom ic d istances, p a rticu la r ly  those 
around the open face o f  the carborane un its , a re  consistent w ith an 
arachno c lu s te r  structure, by comparison t o  the d istances observed fo r  
the nido and arachno ruthenium [CBg] d e r iv a t iv e s  (1 ) and (3 ) ,  as shown 
in  Tabls 19.
In  both carbaborane sub-units o f  the auracarbaborane (12) the 
C (6 )-B (5 ) distance is  abnormally long (188 and 195 pm) compared to  
that found in  the arachno ruthanacarbaborane (3 )  (173 pm).
u n m n r
Oanjound Araohno- Arxtuto- Nido-
(CB ^jijfcKdpp.) a i0H12RuC*>(PPh3)(H) CBftH10Ru(PPh,)2(OD)
(pn) (pn) (pn)
B(5)-C(6) 196(5) , 188(5) 171(1) 155(3)
C(«)-B<7) 171(5) , 177(5) 174(1) 157(3)
B(7)-B(8) 183(4) , 197(5) 186(1) 194(4)
B(8)-M(9) 227(3) , 224(3) 231.6(5) 227(2)
M(9)-B(10) 236(3) , 240(3) 230.3(6) 236(2)
B(10)-B(5) 181(5) , 182(6) 190.4(9) 185(3)
.19. Cbnpariaon o f intar-atomic distances around open
face o f nido and arachno ruthenaaarbabaranes (1 ) and 
(3) and the auracarbaborane (12).
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The second product, auracarbaborane (1 3 ), iso la ted  from the 
reaction  o f  [CBgftjg]“  w ith C l2Au2 (dppe) was in te res tin g  fo r  a number 
o f  reasons. F ir s t ly ,  the observed n.m .r. spectra were s im ila r to  the 
spectra obtained fo r  the previously characterised ccmmo auracarbaboranes 
(8 ) and (10) and secondly, auracarbaborane (13) was observed to  be 
formed when a dichlorcmethane solu tion  o f  the binuclear auracarbaborane
( 1 2 ) was l e f t  to  stand a t roam temperature fo r  two days.
The observed 11B n.m .r. spectrum o f  auracarbaborane (13) 
exh ib ited  e igh t resonances ( la b e lle d  a-h in  Figure 108) which again 
had the appearance o f  being due to  two overlapping 1 : 1 : 2 : 2 :2  spectra .
In  fa c t  the resonances o f  th is  spectrum were id en tica l in  s h if t  and 
pattern  to  those in  the 11B n.m .r. spectra obtained fo r  
auracarbaboranes ( 8 ) and ( 10 ) ,  though there were s lig h t  d iffe ren ces  in  
r e la t iv e  in tegra tion  ra t io  (compare Figures 108 and 84 ). This d id  
however ind icate that auracarbaborane (13) a lso  consisted o f  the ocmmo 
auracarbaborane anion [ (CBgH^JjAu]" previously characterised.
As noted e a r l i e r ,  comparison o f  the r e la t iv e  in tegra tion  r a t io  
o f  the two sets o f  1 :1 :2 :2 :2  resonances found in  the 11B n.m.r. 
spectrum o f  auracarbaboranes(IO) and the s in g le  1 :1 :2 :2 :2  spectrum o f  
auracarbaborane ( 8 ) iso la ted  by repeated re c ry s ta ll is a t io n  (Figure 85) 
enabled the e igh t resonances o f  the ocnplex spectrum to  be separately 
id e n t if ie d  with ind iv idua l 1 : 1 : 2 : 2 :2  spectra o f  the syn and an ti 
isomers as fo llow s ; (a :d :e : f :h )  and ( b : c : e : f : g ) ,  (see  Figures 86 and 108).
shewn in  Figure 109, shews that each o f  the boron atoms responsible
(selective) }  n.m .r. spectra o f  auracarbaborane (1 3 ),
fo r  the e igh t has a term inal hydrogen atan



























(p .p .m .)
( Syn o r  A n t i)
B (4) 21.9 3.55
B (4 ') 19.5 2.64
B (2 ') 1 .0 2 .6 6
B(2) 0.0 2.70
B (5 ,7 ) B (5 ',7 ') -5.8 2.73
B(8,10) B(8 *,10*) -14.5 2.39
B (1 ,3 ) -30.1 1 .2 1
B(1 ',3 * ) -30.9 1.30
C(6 ’ )-H (T O ,
0 .6
0 .3
C,6 |- H( « f e )
C(6 , ) -H(arrio)
-0.5
- 1 .8
B(5,7)-H-B (8,10) -2 .4
B(5* ,7* ,10* ) -2 .9
Tfcble 20*. Boron-11 and proton n.m.r. data fo r  the ocrano 
auracartoaborane anion [ (CBgRjjljAu]“  o f  
oanpounds (8 ) (10) and (1 3 ).
( *  The atom lumbering B(n) o r  B(n’ ) in  Tfcble 15 d is tin gu ish es  the syn and 
a ° t i  iscraer resonances, tu t does not in fe r  a p a rticu la r  iscroer.)
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auracarbaborane anicn being present in  approximately 1 : 0 .8  ra t io , as 
judged from the in tegration  r a t io  o f  resonances (g )  and (h ) in  Figure 
108, these spectra are presented as subtractions o f  the 1H n.m.r 
spectrin  from the s e le c t iv e ly  11B decoupled 1H n.ra.r. spectra and 
th ere fo re  g iv e  only a q u a lita t iv e  assessment o f  r e la t iv e  in teg ra l.
As noted in  Section 4 .2 , though the two overlapping 1:1 :2 :2 :2  
spectra can be distingu ished, i t  is  not possib le  to  id en t ify  which 
a r ises  from e ith e r  the syn o r  a n ti auracarbaborane anion isomers. 
Neither was i t  possib le t o  e lu c ida te  which o f  the bridging hydrogen 
resonances corre la ted  to  each iscmer. By comparison o f  the two sets o f  
1B {1 1 B (s e le c t iv e )*  n*m*r * »P00* * »  t o r  the s in g le  iscmer o f  
auracarbaborane (8 ) (F igure 107) and the mixture o f  lscroers (Figure 
109), the c o r r e la t ion o f  the 1H resonances to  the observed 11B n.m.r. 
resonances i s  confirmed (see Ttable 20) and the association  o f  the 
bridging BHB, and resonances deduced.
The assignment o f  the resonances due to  the bridging BHB,
CH(exo) and C M h y d r o g e n s  in  each unspecified iscroar was confirmed 
from the co rre la tion s  found in  the 1H{1 1 B) COSY spectrin  o f  
auracarbaborane (13) (see Figure 110). As previously noted with 
respect to  11B OOSY spectra, two fa c to rs  adversely e f fe c t  the observed 
spectrum and hence i t s  in te rp re ta tion . F ir s t ly ,  only resonances o f 
s u ff ic ie n t ly  narrow linew ldth in  the normal spectrin  produce a 
detectab le response in  the COSY spectrum and secondly the resonances 
must not overlap  i f  a Parrel a t  ion is  t o  be observed. The la t t e r  fa c to r  
leads to  problems In  in terp reta tion  o f  the corre lations to  and between 
the BH( tarm£nai )  Photon resonances observed in  the 1H OOSY n.m.r. 
spectrum o f  auraoarbaborana (13 ) since these resonances appear in  the 
observed 1H n.m .r. spectrin  in  two overlapping groups a t  2.7 p.p.m.
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and 1.2 p.p.m. as seen in  Figure 109. Correlations between individual
resonances o f  these groups are th ere fo re  mostly undetected. Cftly three 
o f  the expected corre la tion s  involv ing the term inal hydrogen resonances 
are  observed with the o r ig in  o f  these corre la tion s  obscured by the 
closeness o f  the neighbouring resonances.
Fortunately the bridging hydrogen BHB and CH resonances are  both
s u ff ic ie n t ly  separated and narrow to  g iv e  a meaningful response. Hence 
the s ign ifica n t peaks in  1H COSY spectrin  a re  the two CH(exo), two
CH and two BHB i lab e lled , C
C(endo2 >' » ( b l )8  BH(b2 )B re sp ec tive ly .
Considering the CH e^ndo1 j resonance on the normal spectrum (the 
d iagonal on the COSY sp ec tr in ), two s ign ific a n t corre la tion s  are seen 
(o ff-d ia gon a l peaks in  the COSY spectrum). F ir s t ly  a strong
co rre la tion  to  the CH(ex o l) resonance and secondly a weedier coupling
to  the BH... .B resonance. This ind icates that the CH
CH
(w r
hydrogens a re  bonded to  the t
and(exol )
sk e le ta l carbon atom and(endol )
being magnetically inequivalent g iv e  r is e  t o  a two bond coupling 
2J(H-C-H). The smaller coupling ind icates tha t the CH(endo1 j hydrogen 
atom i s  associated w ith  c lu ster containing the B H ^  bridging
hydogen a tons on the open face, g iv in g  r is e  t o  a three bond coupling, 
3J (H (b i ,-B-C-H(errioi ) )  • In  add ition  to  the couplings observed in  the 
1H OOSY spectrum add itiona l coupling o f  the CH(efXjo1 j  hydrogen atom to  
the two B-H terminal hydrogen atoms on B (5) and B (7) (not observed in  
the COSY spectrum) account fo r  the observed m u lt ip lic ity  o f  the 
^ (e n d o ) roaonanoe8 l*1 the 1H n.m .r. spectrum.
lh e ^ (sndol) '  « , « 0 1 ) “ (bl )B hydr°9an»  * r e  therefore 
confirmed to  be associated with e ith e r  the syn or a n ti conformation o f  
the [ (CBqH 2^ )Au(CBgH12) ] “  anion. Sim ilar couplings observed fo r  the
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Figure 110. m e 1 H{1 1 B) QQSY n.m .r. spectrum o f  aura carba borane (1 3 ).
235
(endo2 )
® (b 2 )B are associated w ith the a lte rn a t iv e  syn car a n ti
[(CB8H1 2 )Au (CB8H12) ) “  c lu ster anion.
the ocnno auracarbaborane anion o f  cxaipounds ( 8 ) ,  ( 10 )
and (13) in to  two sets consistent w ith  the presence o f  two iscmeric 
conformations, the ten ta tive  assignment o f  the resonances to  sk e le ta l
s h if t  co rre la tion  diagram o f  the auracarbaborane anion w ith those o f  
the arachno ruthenacarbaborane (3 ) (see Figure 111). The assignment o f  
the two se ts  o f  spectroeoopic data to  the s p e c i f ic  syn or an ti 
oonformer o f  the [ (CBgH  ^2 )Au(CB8H^2) ]~ c lu s te r  anion i s  not possib le  
from the data obtained. This could on ly  be achieved by iso la tion  o f  
the anion as a s in g le  iscmeric product as noted e a r l ie r ,  fo llow ed by 
n.m .r. Id e n t if ic a t io n  using the above in form ation, and f in a l ly  
structura l characterisation  by X-ray crysta llography. C learly , the 
f i r s t  two steps o f  th is  has been accomplished as a re su lt  o f  the above 
work. Only the la t t e r  structural characterisation  was unobtained due 
to  the consisten t twinning o f  c ry s ta llin e  product, though lu ck ily  the 
structural characterisation  by X-ray crysta llography o f  both isomers 
has, as described in  Section 4.2, been aooaqplished in  one study.
Though characterisation  o f  the auracarbaborane oarponent o f  
compound (13) as the [ (CBgH^JAuiCBgR^) ] “  c lu s te r  anion was achieved, 
the id e n t if ic a t io n  o f  the ocnplex would be complete i f  the nature o f  
the ca tio n ic  counter ion were to  be estab lished . Note that fa r  the 
analogous auracarbaboranes ( 8 ) and ( 1 0 ) the ca tion  was the found to  be 
[PRjAuPRg]* where R was and cyclo-CgH^ resp ec tiv e ly .
As noted e a r l ie r ,  the auraoarbaborane (13 ) was iso la ted  under


















Figure 111. 1H-11B s h ift  co rre la tion  map fo r  the conmo
auracarbaborane anion [ (CBg^ 2 )Au(CB0H12) ] ”  present 
in  conpounds ( 8 ) ,  (10) and (13) ( O , « -  syn and an ti 
isomers) and the arachno ruthenacarbaborane (3 ) ( A  ).
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two d if fe r in g  circumstances. F ir s t ly ,  iron the o r ig in a l reaction  o f  
[CBgHj3]~  and ClAu(dppe)AuCl and secondly by the room temperature 
degradation o f  the binuclear auracarbaborane ( 1 2 ) in  dichlorcmethane 
solu tion . W hilst the two products could be id en tic a l, spectroscopic 
evidence ind icated that the ca tion ic  components may be d if fe r e n t .
The product iso la ted  from the o r ig in a l reaction  by preparative 
t . l . c .  gave a 1H n.m.r. spectrum in  which the in tegration  ra t io  o f  the 
resonances due to  aromatic and BHB bridging hydrogens was approximately 
80 : 4. This indicated a cation  formulation containing four dppe 
ligands and a t  least four gold  atoms. Since one dppe ligand can 
coordinate t o  e ith er  one o r  two go ld  atoms depending on whether i t  is  
chelating o r  b identate, the cation  could comprise between four and 
e igh t gold  atoms i f  i t  has a univalent o v e ra ll charge. I f  however, the 
cation  were to  be doubly charged, i . e .  +2, then the 80 : 4 r a t io  o f  
aromatic hydrogens to  carbaborane bridging hydrogens would ind ica te a 
possib le formulation o f  the ca tion  as containing e igh t dppe ligands.
The possib le  formulation o f  the ca tion ic  component o f  
auracarbaborane (13) as a gold-dppe c lu ster ca tion  accounts fo r  the 
excess gold  reagent consumed in  the reaction  w ith  the carbaborane 
precursor s in ce the binuclear product on ly requ ires a h a lf molar 
equivalent o f  gold  reagent fo r  complete reaction . The structural 
information obtainable from spectroscopic data would c le a r ly  be 
in su ffic ien t  to  s tructu ra lly  characterise the c lu s te r  ca tion , so ¿in 
X-ray c rys ta llograph ic  study o f  the auracarbaborane (13) was therefore 
both necessary and d es irab le .
C rysta ls o f  the auracarbaborane (13) were grown from a number o f  
solvents mixtures by the d iffu s ion  method. These were checked fo r  
s u ita b il ity  in  an X-ray d if fr a c t io n  study and consisten tly  found to
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s u ffe r  from c ry s ta l twinning. Unfortunately in s u ffic ie n t  time was 
a va ila b le  f o r  fu rth er spectroscopic experimentation to  a s s is t  in  the 
id e n t if ic a t io n  o f  the unknown counter ca tion  o f  auracarbaborane (1 3 ). 
Hence, the fo llo w in g  discussion o f  the poss ib le  id en t ity  o f  the ca tion  
i s  purely specu la tive .
A range o f  gold  c lu s te r  cations w ith  e igh t coordinated phosphine 
ligands have been characterised, scroe examples o f  which are213?
a ) [Au6 (dPpp)4 ] (® 3 )2
b) [Au8 (E>R3 )8 ] (X )2 RjX -  Fh;PPg and p-C^OMejNCij
c )  lA u ^ P R ^ ] (X )  R;X -  Ph;PP6 and p-C^M sjPFg
d ) [Au9 (PPh3 )8 ](PF6 )2
s )  [Aug (PR3 )8 ] (X )3 R;X -  Ph;9CN p -C ^H sjPFg  and p-C^HjGMajEFj
f )  [Au1 1 (PPh3 )8 (Y )2 l (X )  R;X;Y -  PhjPFgjCl an* Ph;PF6 ;9CN
g ) [A u^PM ePh^gB rjlB r
These polygold phosphine c lu s te rs  can be c la s s i f ie d  in  terms o f  the 
n u c lea r ity , nature o f  the phosphine, presence o f  other coordinated 
ligan ds, e .g .  C l,  SCN, and the c lu ster ca tio n ic  charge. C lea r ly , the 
major d iffe ren ce  between these exanples and the auracarbaborane (13) 
oounter cation  i s  the nature o f  the coordinated phosphine.
The hexanuclear gold-dppp c lu ster217, [Aug (dppp)4 ](N 03)2, which 
has an edge bridged d i-tetrahedra l structure, i s  c le a r ly  the most 
s im ila r  to  the auracarbaborane counter ca tion  with respect to  
phosphine, s in ce  both dppp and dppe are bldentate ligands. The double 
a a t io n ic  charge o f  the hexanuclear gold-dppp c lu s te r  does not however 
co in c id e  with th e  u n i-pos itive  charge in ferred  fo r  the possib le  
analogous te t ra -dppe hexanuclear gold  c lu s te r  cation .
Several g o ld  c lu ster complexes have been prepared f  ran
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ClAu(dppe)AuCl. Reduction o f  th is  complex w ith  sodium borohydride 
y ie ld s  the octahedra l Au6 (dppe)2C l2 c lu ster from which the green ion ic  
[Au6 (dppe)3JCl2 c lu s te r  has been prepared218' 219.  This c lu ster has not 
been s tru c tu ra lly  characterised and may be b e tte r  formulated as 
[Aug (dppe)4] 3+, analogous to  the w e ll known [A u ^ P R ^ g ]3*  c lu s te r  
cations noted above. The structure o f  these cations has been found to  
be e ith e r  a bicapped centered ch a ir  o r  a centred crown213. The 
triphenylphosphine analogue o f  th is  enneanuclear c lu s te r  can be 
reduced to  g iv e  th e  monocharged [ AUg(PPh3 )8] + c lu s te r  cation , the 
structure o f  which has been shown t o  be a d is to r ted  centred cube o f 
go ld  atoms228. Both the charge and phosphine content o f  th is  
enneanuclear c lu s te r  cation is  as indicated fo r  the counter ca tion  o f  
auracarbaborane (1 3 ).
Several obvious reservations about the id e n t ity  o f  the cation  
e x is t .  F ir s t ly ,  th e re  is  a p o s s ib i l i t y  that ch lo rin e  has been 
incorporated in to  the counter c a tio n , e ith er  from the solvent CHjClj 
(o r  from the i n i t i a l  gold  reagen t). No evidence t o  e ith er prove o r 
disprove th is  p o s s ib i l i t y  has been obtained. Secondly, the dppe 
content o f  the complex in ferred  from the 1H n.ra.r. in tegration  ra t io  
has t o  be viewed in  re la tion  t o  the problems associated w ith oonparing 
n.m .r. resonance in tegra tions  o f  such d if fe r in g  s iz e ,  in  particu la r 
in tegrations o f  resonances w ith d i f f e r in g  linew id th . In  these cases 
the accuracy o f  th e  ra t io  depends g rea tly  on the correct measurement 
o f  the smaller in te g r a l,  since any e rro r  in  th is  estimate is  a n p lified  
in  the ra t io  to  th e  la rger  in te g ra l.
Duis the id e n t ity  o f  auracarbaborane (13) as iso la ted  from the 
reaction  o f  ClAu(dppe)AuCl with [C B g lijj]“  can on ly  be described as 
consisting o f  the corino-auracarbabor ane anion [ (CBgKj^AufCBgti, 2) ] "
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with the counter ion postulated to  be a  poly-gold-dppe c lu s te r  ca tion .
As noted e a r l ie r ,  the auraoarbaborane (13) was a ls o  observed to  
be formed when a dichlorcmethane so lu tion  o f  the auracarbaborane ( 1 2 ) 
was l e f t  to  stand a t rocni temperature f o r  two days. The 11B n.ra.r. 
spectrum o f  auracarbaborane (13) prepared in  th is  way showed only 
resonances due to  the oonmo-auracarbaharane. there were no d iscem able 
resonances due to  other carbaborane products. The reaction  o f 
[ (CB0H1 2 ) 2Au2 (dppe)] t o  y ie ld  [ (C B gH ^Au iC B gH ^)]-  is  th ere fo re  
indicated t o  proceed v ia  the e lim in a tion  o f  an [Au(dppe) ] fragment.
The fo llow in g  disproportionation rea c tion s  are thus postulated fo r  
oonsiderat ion .
n [( (B 8H1 j * u )2 (dp p .n  -----► ♦ n [»u (dppe) 1* (1 )
n [ « s 8H12*u )2(clp ()«)l ---- ► n U C T jH ^ jA u r  ♦ [*un_x (dW e>n )y ''' *  x [* “ '  (2 >
I f  the disproportionation rea c tion  produces a sto ich iom etric  
equivalent o f  the ion ic  auraoarbaborane oaqplex, then th e  net resu lt 
is  the elim ination  o f  a s in g le  gold-phosphine fragrant t o  y ie ld  the 
oanmo auraoarbaborane anion and the [ Au (dppe)] *  cation (See equation 1 ) .  
This formulation o f  the ca tion  can be discounted inroad la t e ly  because 
o f  the c y c l ic  nature o f  the coordinated phosphine ligand . The known 
bis-phosphine mononuclear gold  ca tions  have lin ea r geom etries, as 
t y p l f l t ó  by [Au(PPh3 )2 J* « id  [AulPICgH,, >3 >2 1*- Whilst the 
coordination o f  two unidantate tricyclohexylphosphine ligands allows 
the adoption o f  a lin ea r geometry, in  th e  proposed [Au (dppe)]* cation  
a lin ea r geometry would be proh ib ited  because the s ize  and angle o f  
'b i t e ' o f  the chelating bidentate dppe ligand  is  in s u ffic ie n t  to  span 
the mutually trans coordination p o s it io n s . One exanple o f  a chelating 
bidentete  phosphine ligand that oan ach ieve  such coordination is
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2,11-b is  (diphenylphosphincmethyl)benzo-[C]-phenanthrene221 . The go ld  
complex o f  th is  ligand, [AuCl(P-P) ] ,  has a P-Au-P bond a n g le  o f  176° 
and is  p a r t ia l ly  ionised in  po lar solvents to  y ie ld  the l in e a r  
[A u (P -P )]*  ca tion .
Perhaps the most l ik e ly  resu lt o f  the d isp roportionation  o f  
[(CBgH12Au)2 (dppe) ] is  the subsequent disproportionation  o f  the 
elim inated [ Au(dppe)]*  fragments, to  produce an [Aun_x (dppe>n ]y+ gold  
ca tion  (See equation 2 ). Thus one p o s s ib il ity  is  the form ation  o f  the 
fou r coord inate A u (I) ca tion  [Au(dppe)2] +, previously id e n t i f ie d 222 
from the reac tion  o f  dppe and ClAu(dppe)AuCl. Since th is  ca tio n  is  
u n i-p o s it iv e  the d isproportionation  would have to  re su lt  in  complete 
degradation o f  h a lf o f  the auracarbaborane ( 1 2 ) precursor t o  non-anionic 
cartaaborane products in  order t o  provide the required dppe. This does 
not appear t o  be the case as judged from n.m .r. evidence.
An add ition a l fa c to r  in  the d isproportionation may b e  ch lorin e 
abstraction  from the so lven t, as noted from the synthesis o f  the 
ch lorinated  ruthenacarbaboranea(4 ) and (5 ) (see  Chapter 3 ) .  The 
d isp roportionation  o f  two molecules o f  the binuclear complex could 
thus y ie ld  the d i-p o s it iv e  f i v e  coordinate mononuclear g o ld  ( I I I )  
ca tion  [Au(dppe)2C l]2+, analogous to  the known cation223 
[Au(diphos)2C l ]2* .  The product o f  the disproportionation  o f  the 
b inuclear auracarbaborane in  dichiarane thane may thus be 
ÎK C B g l^ j l jA u ) ' [* l< d p p .)2C1 1 2\
W hilst d iscussion o f  the possib le  id en t ity  o f  the counter cation  
o f  auracarbaborane (13) has been made without the support o f  any 
d e f in it e  chemical evidence, the most important aspect o f  i t s  id en t ity , 
namely the presence o f  the mononuclear arachno oqimo auracarbaborane 
anion [ (C B g f i ^ ) ^ ] “ , has been established.
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3 M B  5- E P H Q I B i n U
5 .1 .  H m W f f lV B  HPCffiORKS.
5 .1 .1 ,  c a « A L  B B M B f c  n o te s .
In  view  o f  the a i r  s e n s it iv it y  and to x ic it y  o f  boron hydride 
d e r iv a t iv e s , a l l  reactions were carried  out under a dry, oxygen-free 
n itrogen  atmosphere, unless otherwise stated . Manipulations were 
fa c i l i t a t e d  using dry-box and Schlenk-tube techniques.
A l l  tra n s ition  metal reagents were prepared by lite ra tu re  
methods as ind icated in  the te x t .  Decaborane(14) was used as supplied 
aamnarcially, as were a l l  o th er standard reagents. P r io r  to  use, 
solvents were p u r ified , d r ied  and deoxygenated by standard methods224. 
Unless otherw ise s p e c if ie d , the l ig h t  petroleum so lvent used had a 
b o il in g  po in t range o f  60 -  80°C.
A l l  preparative chromatography was carried  out using dry s i l ic a  
g e l (Merck, K ie ee lg e l 60 ( 230 -  400 mesh on 20 x  20 an g lass  p la te s ), 
under the conditions s ta ted . Q u a lita tive  chramatograpy (m a l l  scale 
t . l . c )  was carried  out using pre-ooated aluminium p la tes , (K ie se lg e l, 
la yer  thickness 0 .2  ran), and inspected v isu a lly  before and a fte r  being 
developed w ith  s i l v e r  n it r a te  solu tion .
A l l  n.m .r. spectra were recorded on spectrophotometers under the 
auspicies o f  the S .E .R .C ., by Drs. 0 . W. Howarth, E. CUrzon and 
A. Harrison (U n ivers ity  o f  Warwick) and Drs. I .  Sadler and D.
Reed (u n ivers ity  o f  Edinburgh). The 11B , 1H and 31P n.m .r. spectra 
ware reco rded an a Bruker WH-400 n .a .r . spectrometer, a t  128.0 , 400.1 
and 162.0 Mlz re sp e c tiv e ly . The 1H(11B) spectra were recorded a t 360 
Miz on a s im ila r spectrom eter. Unless otherwise stated , spectra were 
recorded as (3>2d 2 so lu tions under a nitrogen atmosphere in  5 m  or 
10 ran quartz n .e .r .  tubes . The 1H , 11B and 31P spectra are  referenced
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(ex tern a l) t o  SMCH^)^, BF^.OEtj and H3r o 4 re sp ac tiv e ly , s h ifts  
to  high frequency being p o s it iv e .  The s e le c t iv e  decoupled 1 H(1 ^B) 
n.m .r. spectra obtained were recorded and presented as
subtraction p lo ts  thereby h igh ligh tin g  those 
protons coupling to  the 11B resonance o f  in te re s t .
The 11B OOSY 2D spectra ty p ic a lly  required a 128 x 128 point 
spectrin  matrix, with 64 transien ts per 64 time-dcmain points, talcing 
approximately 1 hour in  t o t a l .  The 1H COSY and 1H-11B sh ift-co rre la ted  
2D spectra required a s im ila r  m atrix, but overn ight aocunulation o f  
ty p ic a lly  256 transients w ith  in te r -tran s ien t delays o f  1 to  2 s . A 
double s in e -b e ll window function was used f o r  COSY, and a double 
Lorentz- to-Gausslan function  fo r  s h i f t  c o r re la t io n , in  which the 
interpu lse spacings were a ocrprcmise between the optima fo r  terminal 
H-B couplings and b ridging H-B couplings.
In frared  spectra were recorded from KBr d iscs using a Perkin- 
Elmar 580B spectrophotometer.
A l l  X-ray crysta llograph ic  stud ies were carried  out by the 
author w ith expert assistance provided by Dr N. W. Aloock (U n iversity  
o f  Marwick). D iffra c tion  data were c o lle c te d  w ith  a Syntax P2  ^ four 
c i r c le  d iffractom eter operating in  the 0 - 2 0  mode, (p rec ise  
experimental parameters are  given  in  Section  5 .2 ).
nanutnxM o r
A mixture o f  B ^ H ^  (20.Og, 0.16 m o l), NaCN (25.Og, 0.5 m ol), 
and water (300 mis) was s t ir re d , under n itrogen , u n til a l l  o f  the 
decaborane had d isso lved , ( - 2h r ).  The so lu tion , transferred  t o  a 
dropping funnel, was run slow ly w ith s t ir r in g ,  in to  300 mis o f  a 2 I 1 , 
concentrated HC1 : HjO so lu tion , w h ils t being cooled in  an ic e  bath.
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Agita tion  and coo lin g  was continued fo r  4 h, and then the so lu tion  
s t ir red  a t room temperature f o r  a fu rther 2 h, a f t e r  which tim e gas 
evolu tion  held ceased. A solu tion  o f  dioxane (107 mis, 1.26 mol) was 
added producing an inmediate white p re c ip ita te . The f i l t e r e d  dioxane 
adduct was washed with water then red issolved  in  350 mis o f  15% aqueous 
WDH. Extreme care must be taken to  ensure that excessive ly  
concentrated KOH is  not used ( i . e .  not grea te r  them 20%) as a 
degradation reaction  has been observed to  occur in  such circumstances, 
resu ltin g  in  a spectacular f i r e  in  which a l l  the s o lid  m ateria l 
undergoes rapid combustion. The addition  o f  dimethyl sulphate (107 
mis, 0.5 mol) w ith  s t ir r in g  produced another white p re c ip ita te , which 
was again f i l t e r e d  a t the pun*?, washed w ith  co ld  water and d r ied  
overnight under vacuum. Hie y ie ld  o f  product, a mixture o f  
6-i#te3-6-CBgH11  and 7-r*te3-7-CB1 ()H12 varied  from 21 to  22g (67 -  74% 
y ie ld  based on decaborane used).
a m a m a u m c  sctarajtcw ct  n g  — a — —
Hie separation o f  the raonocarbaborane product mixture from the 
above preparation was carried  out on a 48 cm x 7 cm (d ia . )  column 
packed w ith  s i l i c a  t o  a height o f  13 cm. Hie oolunn was f i t t e d  w ith  a 
n itrogen  in le t  va lv e^ ®  t o  con tro l the pressurised so lvent flo w  ra te  
a t a constant 100 mis/min.
H ie carbaborane mixture (10 .6g ) was adsorbed onto s i l i c a  (4g) 
and the resu ltant fre e -flow in g  powder loaded onto the oolum  under a 
top la yer  o f  sand. Hie column was eluted w ith  6.5 l i t r e s  o f  a 70:30 
mixture o f  CJ^Clj : l ig h t  petroleum (bp 40 -  60°C). Fractions 
co llec ted  were analysed q u a lita t iv e ly  by small sca le  t . l . c .  H ie R f 
values obtained were 0.6 and 0.4 fo r  and Mto3CB10H12
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resp ec tiv e ly . Hie recovered m ateria l consisted o f  4.7g o f  Wte-jCBgH^ 
4.85g o f  a mixture and 0.8g o f  NMe^CB^0^2 *
N.M.R. SPECTRA OBTAINED TOR ^ C B ^ .
” ,B -  See Table 21 (p.249)
N.M.R. CBTMNED FCR
11,B - See Table 21 (p.249)
-  See Figure 33 p.72” ,B OOSY
— C M  D g a p « g i o - f e - q « a M c i x ^
A three neck, 250 ml round bottan fla sk  was f i t t e d  with a 
n itrogen in le t  and a oold fin g e r  condenser f i t t e d  with a KCH drying 
tube. H ie f la sk  was cooled in  a s o lid  OC^/OCl^ bath, the oold fin ger  
w ith a s o lid  (T>2/acetone mixture and 80 ml o f  li< *iid  anmcnia condensed 
in to  the f la sk  from a pressurised storage cy lin der and the system was 
{urged w ith  n itrogen . Hie preparation was then continued in  the 
fo llow in g  two ways.
Hie NMe^CBgHj  ^ (3 .5g, 0.02 mol) was added t o  the re flux ing  
ammonia. Freshly cut sodiun (1 .4g , 0.06 mol) was then slow ly added in  
anall p ieces w ith  s t ir r in g . Hie mixture was s t ir red  fo r  a fu rther ha lf
removed and the anmonia was allowed to  d i s t i l l  o f f  through the drying 
tube. Hie la s t  traces o f  ammonia were removed on a rotary evaporator 
under reduced pressure. Water (40 m is) was then added and the methanol 
removed on the rotary evaporator. To obtain  a s o lid  product, 10 mis o f  
an aqueous so lu tion  o f  tetramsthylanmoniun ch loride (3g, 27 nmol) was
jg s e 5 .1 .3 )3
hour, a f t e r  which methanol (40 mis) was added. A l l  cooling then
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added, producing an immediate white p rec ip ita te . This was then f i l t e r e d  
o f f ,  washed with co ld  water and d ried  under vacuum fo r  12  hours. The 
y l « ld  o f  [CB9H1 2 ] ' [m a 4]*  v«as 3.3 g ,  ( 86*  based CO MtejCBgR,, used) .  
b) Using a mixture o f  .UtejCBjH,, a n d N M e ^  „S,
The preparation was ca rr ied  out in  a s im ila r manner to  that 
described in  a ) with the fo llow in g  d iffe ren ces . The composition o f  the 
mixture was calcu lated from the 11B n.m.r. in tegration  using the ra t io  
o f  a l l  the unique peaks fo r  each species (see  section 2 . 2 . 1 , pages 
63-4). The mixture (10 .8g ) containing 3.2g o f  the [CBg] component was 
added to  the re flu x in g  ammonia. A fte r  the aimonia/sodium work up the 
addition  o f  methanol caused p rec ip ita tion  o f  the unreacted [CRjq] 
component which was f i l t e r e d  o f f  from the aqueous so lu tion . The weight 
o f  recovered NMe^CB^qH,2» (7 .0 g ) , was approximately that calcu lated 
p r io r  to  reaction , and gave a s in g le  spot on analysis by t . l . c .  (R f 
0 .6 ).  The resu ltant aqueous NalCBgH^] so lu tion  was then used in  the 
preparation o f  CBgH^  4 as ou tlined  in  the fo llow in g  preparation. The 
solu tion  o f  the ¿union was found to  be stab le  over a number o f  days.
The aqueous so lu tion  o f  NatCBgH^l ¿ran section 5 .1 .4 (b ) was 
d ilu ted  t o  100 mis w ith  water and 100 mis o f  l ig h t  petroleum added (bp 
30 -  40°C). A solu tion  o f  FeC lj (23.4g, 0.085 mol) in  water (70 mis)
N.M.R. SPECTRA OBTAINED FCR WaiCBJH1 = I ,
11,B - See Table 21 (p.249) and Figure 38 (p .76)
-  See Figure 39 ( p . 77 ).” ,B 006Y
and concentrated HC1 (32 mis) then ¿sided dropwise t o  the solu tion
a period o f 30 minutes, with stirring. A fter a further 30
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minutes, gas evo lu tion  had ceased and the petroleun la yer  was removed. 
A fte r  two fu rth er extractions w ith  p e tro l, the combined ex tracts  were 
d ried  w ith  anhydrous magnesium sulphate and the petroleum removed on a 
ro tary  evaporator. The white residue produced was then sublimed a t 323 K 
and 0.01 ran Hg t o  g iv e  0.63g o f  CBgH^, a y ie ld  o f  31% based on fMe^CB^Hj.  .
N.M.R. SPECTRA OBTAINED FOR CBfrH ^ .
’ H (" B< « W  -  See Figure 45 (p .82 ) 
" b cosy -  See Figure 44 (p .S I ) 
' H - " B S h ift  co rre la tion  -  See Figure 46 (p .84)
¿¿US*. M M B B  OF »^ M 4 »4 1 «m P 4 «W a M W 1 1 4 ).
In  a dry-box with a n itrogen  atmosphere, a 10 ran diameter n.m.r.
(0.13 mmol), was pimped under vacuum to  remove the hexane so lven t. The
solu tion  was added 0.15g o f  CUgH^ (0.13 nmol), d isso lved  in  the same 
so lven t, and the mixture ag ita ted  fo r  15 minutes, whereupon reaction 
to  form tiie  an ion ic d er iva tiv e  LilCBgH^] was o o rp le te .
tube, containing 0.82 an3 o f  a 0.16 mol dm-3  lith iu n  bu tyl solu tion
NrM.R. SPBCIRA OBTAINS) FOR
H
B 006Y
-  See Table 21 (p.249) and Figure 47 (p.87)
-  See Figure 47 p.87
- See Figure 50, p.92
See Figure 45 (p .82 )
H* (s e le c t  saturation )
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™  2 1 . N .m u  a m  o r  B H B B B  f l M B M f c
Qaqpcund
" W i i
Wte3<S10H12
U [tB ,H ,2J
“ 8« , «
u <CT8h13I
11B - ( ’ h )  N .H .R . SFHC3KA
Solvent Chemical S h ift  [B o r  H assignment*] 
(p .p .m .)
CD3OX3>3 1.7(1B ), -1 .4 [2B ], -5 .6 I2B ], 
-11 .7 (28 ], -29.6I1B ], -37.7M B],
a>3ax3 )3 2 .4 [B (5 )] ,  -8 .5 [B (2 ,3 )] ,  -12.7 [B (8 ,11) ] ,  
-21.1 (B (9 ,10 )]r -24.9 (B (1 ) ] ,  -31,7 [B (4 ,6 )]
ct>3cdcd3 2 .4 [B (5 ,7 )],  -2 .1 (B (9 ) ] ,  -3 .8 [B (1 , 3 ) ] ,  
-12 .0 [B (8 ,10 )] ,  -2 9 .9 [B (2 )] ,  -3 7 .4 [B (4 )].
V t 1 7 .0 [B (7 )], -3 .7 [B (1 ) ] ,  -6 .3 [B (5 ,9 )] ,  
-3 4 .9 [B (6 ,8 )],  -41.1[B (2 ,3 )] .
Dg-IM 4 .0 [B (5 ,9 )] ,  -3 .9 [B (7 )],  -21 .5 {B (1 )J , 
-3 0 .4 [B (2 ,3 )] ,  -3 5 .2 [B (6 ,8 )] .
“ S « ! «
’ b - ^ ’ b )  N .H .R . s r a s o u
Solisnt QienicBl Shift [B or H « «.lqnaent*]
(p .p .m .)
<V>6 « - « W ) 1'
- ° - 6 tHbB<6,8-7>l' - » - « “ W *  
*3 - 7 t ,S a { 5 #» - 6 , 8 ) 1'
' * * "  J- « i » t B (5 ,9 )> ' i . ° * r t t « 7 , l .
-2 .° lHhB(6(g_7)l.
*  Atom nunberlng corresponds to  the structures shown In Chapter 2.
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L 9 .9 ,9 - (C P ) (P « i3 ) 3-W n x > -9 .S -»< a DHr > -C l-5 - (P H i3 ) i  ( 4 ) ,  
L9J9#9 - ( Q 3 ) ( I « » 3 ) I -w n O -9 ,6 -^ lC gbHJ-7 -C I-S -C P «> 3) j  (5 )  
j j j > l 2j2 <2 - (o o )(P B i3) 2-a flg > -2 I i - m ^ i^ - ia - (p i9 i3) ]  (6 ) ,
f t ity l lith iu n  (0 .5  an3 o f  a 1.5 mol <±n~3 d ie th y l ether so lu tion ) 
m s added to  a so lu tion  o f  CBgH^ (0.085g, 0.75 nmol) in  bourne (40 
cm3) and l e f t  t o  s t i r  under n itrogen. A fte r  15 min RuHCL(PPh3 )^(GO) 
(0 .7 g , 0.73 nmol) was added and the so lu tion  refluxed fo r  30 min. The 
so lvent was removed under vacuun from the resu lting orange-red 
solu tion . Chromatography o f  the orange s o lid  using CJ^CO^ -  l ig h t  
petroleum y ie lded  the compounds (1 ) and (6 ) (see Table 2 2 ). A fu rth er 
complex band was recovered and re-chromatographed in  benzene with 
repeat dippings t o  is o la te  the two compounds (4 ) and (5 ) .
R ecys ta llisa tion  from CHjClj -  petroleun ether a ffo rd ed  the pure 
compounds in  the fo llo w in g  y ie ld s ; compound (1 ) 0.41g (0 .4  nmol, 53%), 
oompcund(4) 0.02g (0.018 nmol, 3 « ) ,  caipound(5) 0.06g (0.054 nmol, 8« )  
and ocmptxmd(6 ) 0.03g ( 0.03 nmol, 4%). C rystals o f  these compounds, 
su itab le  fo r  X-ray d i f f r a c t io n  ana lysis , were grown by slow d iffu s io n  
o f  l ig h t  petroleun in to  a CHjClj o r  benzene solu tion.
Whilst the t o ta l  y ie ld  o f  compounds (1 ) and (5 ) from repeat 
preparations was observed to  be approximately constant, the ind ividual 
y ie ld s  were noted t o  be inversely re la ted . Thus when th e  y ie ld  o f  
compound (1 ) was lex#, th e  y ie ld  o f  oenpound (5 ) increased 
proportionately, and v ic e  versa.
This was found t o  be due to  the fa c t  that compound (5 ) is  the 
chlorinated d e r iv a t iv e  o f  compound ( 1 ) ,  and resu lts  from ch lorine
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abstraction from the chlorinated solvent used in  the t . l . c .  work-up. 
Dichiarane thane solutions o f  compound (1 ) w ere observed t o  be 
quan tita tive ly  transformed in to  compound (5 )  when l e f t  fo r  e ith e r  
extended periods (severa l weeks) a t ambient temperatures o r  more 
rap id ly  a t e levated temperatures.
Note that compound (4 ) ,  another ch lorin a ted  analogue, was not 
produced by such treatment, find must th e re fo re  have arisen  from 
reaction w ith the ch loride lib era ted  from th e  RuiCMPPh^iOD) reagent 
during the in i t i a l  preparation.
The reagent, RuHCMPPh^fCX», was prepared according t o  a 
lite ra tu re  method226.
N.M.R, OBTAINED FCR
L 9 A 9 - ( q »  (PPh3) 2-NIPO-9,6-RuCBDH1 Q -S -tPB lj) 1 (1 ) .
1 1 ,B -  See Table 8 (p.106) and Figure 56 (p.104) 
31P -  See Table 8 <p.106)
) -  See Figure 57 (p.105)
H and
N.M.R. SPECTRA OBTAINED PGR
L9A.9-(OP)(PPh^j^-NIDO-g^-RuCBQHj-a-Cl-S-iPPhj) ]  (4 ) AW)
11B, 1H, 1H(11B(>#l#ct)) and 31P -  See Table 10 (p.135)
N.M.R. srfaClKA OBTAINED FOR
I ^ 2 ^ - ( g ? ) (P I T 3l 3-a ^ 2 ,1 -R u C B ^ -1 0 - (P I »h 3) ]  (6 )
11 B -  See Table 11 (p.152) and Figure 77 <p.151) 
) and 31P -  See Table 11 (p.152)
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5 .1 .8 .
L » A » - j q > l l » V a- « n * * M * 4 * e & i f * - l * * 3 n  (2) M P  
i 2 12 f 2 - ( m ) ( » ^ J )j -rT/iHr>-2#1-oacab^ -3 - (P H i3 )] (7).
romM wrgn cp rm I
The compounds (2 )  and (7 ) were prepared in  an essen tia lly  
id en t ic a l procedure as that described fo r  the ruthenium analogues.
Fran CBgH^ (0.05g, 0.44 nmol), reaction  o f  Osfd (PPh3 ) 3 (aO) in  
re flu x in g  benzene and subsequent chronatography (see Iteble 22 ) 
produced the compounds in  the fo llow ing y ie ld s ; compound ( 2 ) 0.17g 
(0.15 nmol, 34%) and ocn*jound(7) 0.13g (0.12 nmol, 26%). Crystals o f  
each compound were grown by the d iffu s ion  method described above.
A sim ilar product d is tr i bution and y ie ld  was achieved from an 
ambient reaction  l e f t  t o  s t i r  under n itrogen over a period o f  3 days .
The oemacarbaboranes were found to  be more a i r  sen s itive  than 
the ruthenium analogues and were thus best iso la ted  by rapid 
chromatographic e lu t io n  and extraction . Over exposure to  the 
atmosphere resu lted  in  degradation to  a black amorphous m aterial which 
was not characterised.
The reagent, OsHCMPPh^^OO), was prepared according to  a 
lite ra tu re  method227.
N.M.R. SPBCTKA OBTAINED PCR 
:9 A 9 - (0 0 )  (Pttu,),-WIDO-9.6-O^B0H10^ [P P h 3) ] (2 ).
1 1H *  See Ttt>i« 8 (p.106) and Figure 56 ( p . l 04 )
V  ' Ii<11B(s e U c t ) ) and 31P -  Sea Table 8 (p.106)
N.M.R. SHEIKA OBIADffiP FOR 
I2 ,2 .2 -l0 3 ) (P B i^ J-CWlg> -3 .1 -0 »a [)W[)-3 - (p a '3) l  (7 ).
11B -  See Table 11 (p.152) a id  Figure 80 (p .1 6 2 )
’ h,  1h( 1 ' b( m 1 k ± ) ) and 31P - S e e  Itabl. 11 (p.152)
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SOLVENT SYSTEM T.L.C . BAND CEMPCU© CRYSTAL DIFFUSION
Q^C^îPPIRQL Rf COLOUR D/TEN NUMBER COLOUR 90LVENT
(OIWHl) -SITY (EVAPORATION)
PRODUCTS FROM REACTION OF Li[CB„R, -,] AND RuHCl(PPtuK(CD).
50 ! 50 0.63 orange w
0.49 Yellow w
0.44 Orange m 6 Orange Benzene
0.28 Orange- s 4 ^ 5
-red (Bands below R f -  0.3
0 .2 Orange s 1 -  base lin e  r e - t . l . c .  'd
0.1 Rad w in 80 : 20 so lven t)
0.05 Green w
60 : 20 0.67 Green w
0.63 Orange m 6













0.15 Orange s 5 Orange
PRODUCTS FROM REACTION CF Li[CB,JL ,1 AfC R u C l(n -a n )(P P tu K .





0.13 Yellow s 3 Yellow (CH jC lj)
PRODUCTS FROM REACTION 01P* U (CS.







7 Yellow CH2C 12
0.29 Orange s 2 Orange
Tfrble 22. Preparative t . l . c .  and c ry s ta ll is a t io n  data fo r  the
iso la tion  o f  the prepared ruthena- and oemacarbaboranes. 
(Band in ten s ity  denoted as; s -  stron g , m -  medium, w -  weak)
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5.1 ,9 .
B ity l lithium  (0.7 an3 o f  a 1.5 mol ckn-3  d ie th y l e th er solution,
0.91 nmol) was added to  a so lu tion  o f  CBgHjj (0 .1g , 0.89 nmol) in
nitrogen. A fte r  15 min RuClpl-CgHgMPPhj^ (0.64g, 0.88 nmol) was 
added and the mixture refluxed fo r  48 h. A ye llow  turbid so lu tion  was 
produced, which gave a yellow  p rec ip ita te  on standing to  c o o l.  A fte r  
removal o f  the so lven t under vacuun, the s o lid  was extracted  w ith  
C H jd j and rec ry s ta llis ed  iron  C J^d j -  l ig h t  petroleuo to  y ie ld  0.32g 
(0.59 nmol, 67%) o f  product.
Slew evaporation o f  a CHjClj so lu tion  gave yellow  diamond block 
c rys ta ls , which were used fo r  the X-ray structure determ ination.
Chromatography o f  the reaction  mixture (see  Table 22) showed 
that several minor products had a lso  been formed in  very  small y ie ld .  
None o f  these products were is o la ted  o r  characterised. Compound (3 ) 
c ry s ta llis ed  from dichlorcmethane was indicated to  be pure from the 
s in g le  band produced on t . l . c .  treatment.
The ruthenium reagent RudOVCgHg) (PPh3 )2 was prepared by 
standard methods228.
benzene (30 an3) ,  d ie th y l e th er (20 cm3) and l e f t  t o  s t i r  under
N.M.R. SPBC71HA OBTAINED FCR
P
>
-  See Tfeble 9 <p.119) and Figure 84 (p.176)
-  See Tablm 9 (p .119)
-  See Figure 62 (p.118)
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s « 1 * 1Qi  p k e p a r a t e c w  op t o e  « n o  a i p  r a g w g r o  o m p - m j r a -
(mammsi iM » c a ^ 9 ,6 J6 , - j t o ( (^ H1J) 3 ][Au (PB i3 ) I ] (7 )
The addi t io n  o f  MeAu(PPh^) (75 mg, 0.16 nmol) to  an equimolar 
quantity o f  CBgH^ (18 mg) In  a 10 mm n .m .r. tube produced a v iv id  red 
colouration  on a g ita t io n  o f  the so lid s  a t  roan temperature.
D issolu tion  in  2 an3 o f  CI^Cl^ produced a deep wine-red coloured 
so lu tion . An 11B n .m .r. spectrum o f  the resu ltant solu tion  showed the 
carbaborane precursor to  be the major component w ith a minor component 
id e n t if ie d  from broad underlying resonances. Subsequent two and 
th ree - fo ld  equ iva lent additions o f  the go ld  reagent were made, 
resu ltin g  in  a fu rth er deepening in  hue o f  the red so lu tion . This was 
accompanied by d ep le tion  o f  the resonances in  the 11B n.m .r. spectrum 
due to  the carborane precursor and growth o f  minor product resonances. 
A fte r  the s ix - fo ld  add ition  o f  the go ld  reagent the carbaborane was 
found by n.m .r. to  be exhausted.
A black g lassy  s o lid  was obtained on removal o f  the solvent 
under vacuun, the components o f  which were separated by preparative 
t . l . c .  using a 3:1 CHjGl^ -  l ig h t  petroleum so lvent system (See Table 
2 3 ). An intense red band, auracarbaborane (8 ) ,  and a fa in t  yellow  
band, auracarbaborane (9 ) ,  ware removed from the t . l . c .  p la tes  and 
then extracted from the s i l i c a  support w ith  CJ^C^.
Repeat preparations using 0.075g o f  CBgH^ (0.44 nmol) and a 
s im ila r  s ix - fo ld  r a t io  o f  the gold reagent, l e f t  to  react a t  ambient 
temperature fo r  48 hours, y ie lded  a f t e r  t . l . c .  work up and 
c ry s ta ll is a t io n  from C H j& j and 1 lgh t-petro leon , compound ( 8 ) 0.124g 
(0.14 nmol, 63%) and ocnpound (9 ) 0.04g (uncharacterised).
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90LVENT SYSTEM T .L .C . BAND CEMPOUM) CRYSTAL DIFFUSION
OLCl-lPEITOL R f Q3LCUR IOTEN NUMBER COLOUR SOLVENT
-S IT Y  (EVAPORATION)
PRODUCTS FROM REACTION OF L i t C T ^ j j  AND ClAuÇPPhj)
0.89 Green w
0.63 Yellow ra 9 Yellow CHjClj
0.42 Red s 8 Dark red CJ^Cl^/Benzene
0.29 Pink w
0.18 Pink w





0.17 Yellow s 10 Yellow  (CH jC lj)
PROOJCTS FROM REACTION OF AM) CLJfcu(CFPE).
0.85 - w “ a*! 4





0.09 cerk red 8 13 Dark red CHjClj
1>*ble 23. Preparative t . l . c .  and c ry s ta ll is a t io n  data fo r  the
is o la t io n  o f  the prepared auracarbabaranes ( 8 ) -  (1 3 ). 
(Band in ten s ity  denoted as ; s -  strong, m ■ roadiim, w -  weak) 
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Dark red c ry s ta ls  o f  auracarbaborane ( 8 ) were grown by 
evaporation o f  a dichlorcmethane so lu tion  and slow d iffu s io n  o f  ligh t 
petroleun in to  a number o f  solvent mixtures containing the 
oanpound(8 ) .  A l l  c ry s ta ls  were found to  be unsuitable fo r  X-ray 
d i f f r a c t io n  analysis due to  c ry s ta l twinning. A fte r  repeated 
re c ry s ta llis a tio n s , one dark red c ry s ta l, su itab le f o r  X-ray 
d i f fr a c t io n  ana lysis , was obtained from d iffu s ion  o f  l ig h t  petroleum 
in to  a CHjClj : CgHg so lven t mixture. This compound was characterised 
as the heptanuclear auracarbaborane ( 1 1 ) ,  (CBgil^Au) (AuPPhgJgiAuCBgH^j.
The o r ig in  o f  auracarbaborane ( 1 1 ) is  thus unclear, o th er than 
i t  o rig ina ted  from the reaction  o f  and MeAuPPh^. I t  may o f
course have been produced during the handling o f  auracarbaborane (8 ) 
in  various so lven ts, o r  have been produced in  the in i t i a l  reaction  and 
present as a minor entrained product in  the t . l . c .  band iso la ted  as 
auracarbaborane ( 8 ) .  Other pink coloured minor products ware id en tified  
frcro the t . l . c .  work-up (see Table 23 ). In vestiga tion  to  ascerta in  the 
o r ig in  o f  th is  product was not undertaken because o f  time lim ita tion s .
The X-ray structure determination o f  auracarbaborane (11) was 
in it ia te d  under the mistaken b e l ie f  that the compound was 
auracarbaborane (8 ) ,  a mistake that became apparent, when the X-ray 
structure was estab lished , by comparison o f  the synmetry suggested by 
the n.m .r. and X-ray data obtained (see Chapter 4 ) .
Repeated attenpts to  c r y s ta ll is e  auracarbaborane (9 ) from a 
range o f  solvents y ie ld ed  on ly a s in g le  c ry s ta l, grown from d iffu s ion  
o f  ligh t-petro leu n  in to  a  so lu tion . This c rys ta l was cleaved
in to  two halves to  ob ta in  a su itab le sample fo r  a prelim inary 
c rys ta llograph ic  examination. Both c ry s ta ls  were found to  s u ffe r  from 
c ry s ta l twinning, thereby eluding X-ray characterisation .
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Auracarbaborane (8 ) was a lso  observed t o  be the major product o f  
the s im ila r  reaction  o f  the an lcn lc  L ilCBgH^] with ClAu(PPh^) In  
d ie th y l e ther. Auracarbaborane (9 ) was a lso  observed to  be a  prominent 
minor product, but In  th is  instance a fu rther orange product a t  Rf 
0.85 was observed, ib is  changed t o  a deep red aolour In  toluene, 
y ie ld in g  an 11B n.ra.r. spectrum suggesting the presence o f  th ree o r  
more carbaborane residues. Further characterisation  was not pursued.
The reagents ClAuPPhg and MeAuPPh  ^ were prepared by standard 
lite ra tu re  methods229' 230.
N.M.R. SFgCTOA OBTAINED FCR
,1 B -  See Table 20 (p.232) and Figures 84,85 (p.176,179)
’ h -  See Table 20, p.232
' " ' ' ^ ( s e l e c t ) ’  "  ^  F19ure*  34,107 (P-134,229)
N.M.R. SPBC1SA anMNH) FOB AWAC88B8B0BWE19)
" b  -  See Figure 84 (p.176)
» . I . » .  S — B l  < * ™  aM O -M M O B M O O ItS ,
HuiPicvcio-c^a,, >j>3i no).
MeAutPtcyclo-CgHj^ )^ ) was produced In  s itu  by the add ition  o f  a 
s lig h t  excess o f  methyl lith ium  (0.30 cm3 o f  a 1 .6  mol dm-3 so lu tion ) 
to  ClAutPicyclo-CgH^ ) j )  (0.21 g ,  0.41 nmol) in  d ie th y l ether 
(10 cm3) .  A fte r  10 minutes, the addition o f  an equimolar quantity o f  
<X8H14 0.40 nmol) produced immediate gas evo lu tion . A fte r
s t ir r in g  fa r  60 minutes the e th er was removed under vacuim, and the 
residue d isso lved  In  CD^Cl^ t o  y ie ld  a pink so lu tion . Hie 11B n.m .r.
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spectrun o f  th is  solu tion  showed the cartoaborane precursor t o  be the 
major component with a minor component g iv in g  broad underlying
resonances.
A repeat reaction  using a 2 : 1 r a t io  o f  go ld  : carbaborane 
reagents produced a s im ila r pink so lu tion  in  which the carbaborane 
precursor was absent. Preparative t . l . c .  o f  th is  solu tion  using a 
1 : 1  CHjClj -  light-petroleum  so lven t system gave a strong yellow  
band (R f 0.17) in  add ition  to  severa l very fa in t  bands (see Table 23 ). 
A b lack insoluble residue present over the R f range 0.1 -  0.45 caused 
contamination o f  the t . l . c .  bands. Each o f  the observed product bands 
was removed iron  the t . l . c .  p la tes , extracted  w ith  CHjO^ and 
p u r if ie d  by re-chromatography in  an id en tica l fash ion . The y ie ld  o f  
th e  main product, compound (1 0 ), was 0.138 g  (0.15 nmol, 74%).
On prolonged exposure to  the atmosphere a l l  minor products were 
observed to  darken t o  a deep red co lou ra tion , though compound ( 1 0 ) 
remained unaltered. This was confirmed by comparison o f  the 11B n.ra.r. 
spectra  o f  the reaction  mixture and iso la ted  m ateria l.
C rystals o f  compound (1 0 ), su itab le  f o r  X-ray d i f fr a c t io n  
a n a lys is , were g ram  by slow evaporation o f  a CJ^Clj so lu tion .
The reagent ClAuPicydo-CgHj 1 )3 was prepared by standard 
li t e r a tu r e  methods231 ' 232.
m .  ^ B CTRA OBTAINED pcr
LARACHNO-g^^^AutCBgH, ^ ^ llM E lcyc lS fcC gH , 4 ^ 1  (10)
B< s e le c t )> -  S®* ’I* b l® 20'  (P-232)
-  See Table 20 (p .232) and Figure 86 (p.182)
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5.1.12. ■ÜAl mm aarLEXj
¿A u tg y E j M l t O ^ 2)J  ( 12 ) ,
The carbaborane anion [C B g fl^ ]" was prepared in  s itu  from the 
reaction  o f  a d ie th y l ether so lu tion  o f  CBQH14 (0.05 g ,  0.44 mmol) 
with an equimolar quantity  o f  bu tyl lithium solu tion . A fte r  15 minutes 
an equimolar quan tity  o f  C l2Au2 (dppe) (0.38 g ,  0.44 nmol) was added to  
the s t ir red  so lu tion . An in i t i a l  brown d isco lou ration , observed a f t e r
1 hour, p rog ress ive ly  darkened t o  g iv e  a red so lu tion  a f t e r  mixing fo r
2 days.
A dark red s o l id  was obtained on removal o f  the solven t under 
vacuum, the components o f  which were separated by preparative t . l . c  
using a 3:1 O ^ C lj  -  l ig h t  petroleum so lvent system (see  'table 23 ). A 
ye llow  band (R f 0 .67 ) corresponding to  compound (12) 0.082 g  (0.08 
mmol, 37%) and a red  band (R f 0.09) oonpound (13 ) 0.038 g ,  
acocmmpanied a sm all amount o f  unreacted carbaborane (R f 0 .85 ). Other 
minor products, in d ica ted  to  be present from the 11B n .m .r. spectrum 
o f  the reaction  m ixture were a lso  observed as noted in  "table 23. None 
o f  these minor products was characterised.
Crystals o f  acrqpound (1 2 ), su itab le  f o r  X-ray d if fr a c t io n  
analysis , were grown by slow d iffu s io n  o f  p e tro l in to  a CJ^C^ : CgHg 
solut ion . Hie c ry s ta ls  o f  compound (13) grown in  a s im ila r manner were 
found to  su ffe r  from cry s ta l tw inning.
Solutions o f  compound (12) l e f t  in  dichlorcmsthane fo r  extended 
periods ( -  week a t  ambient terrajera tu re ) were observed to  be 
transformad in to  compound (1 3 ). Th is transformation d id  not y ie ld  any 
other carbaborane o r  auracarbaborane products, as judged from absence 
o f  add itional resonances in  the 11B n.m .r. spectra obtained. Compound
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(13) was found to  contain the
[(CB0H1 2 )Au(CBqH1 2 ) 1“ , id e n t if ie d  as present in  ocrapounds ( 8 ) and ( 10 ) 
(see Chapter 4 ) .  The id en tity  o f  th e  cation was not estab lished .
The gold reagent C l2Au2 (dppe) was prepared using standard 
lite ra tu re  methods21®.
N.M.R. SPBCTOA OBTMNH) FCR 
[ARAQ»O-6,9,9, ,6'-(CB0H12)Au(CPPE)Au(CB0H12) ]  (12).
11B -  See Table 18 <p.216) and Figure 100 (p.214)
1H -  see Figure 18, p.216
' “ ‘ " ’ ( i r i i o t )1 -  See figure 101 (p.215)
N.H.R, SPECTRA CBQUMH) FCR ( (CBpH^ jjA u lIA u ^ lE W g^  1 (1 3 ).
11B -  See Table 20 (p.232) and Figura 108 (p.230)
1H O0SÏ -  See Figure 110 (p.23S)
’ a -  See Figure 20 (p.232)
-  See Figure 10* <p.231 )
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5.2. x-ray  g g f f lH f lB M H E  b o t o m w im .
A l l  X-ray crysta llograph ic studies were carried  out by the 
author w ith expert guidance generously provided by Dr N. W. Aloock 
(U n ivers ity  o f  Warwick).
The descrip tion  o f  the X-ray crystallography work c a rr ied  out has 
been organised in to  two sections. In  the f i r s t  section  (5 .2 .1  ) ,  the 
standard method used fo r  data c o lle c t io n  and structure so lu tio n  is  
described and the experimental data c o lle c t io n  and fin a l refinement 
parameters provided in  tabular format. Other features o f  each 
c rys ta llograph ic  study are then ou tlined. Additional in form ation 
regarding the methods used in  the X-ray crysta llograph ic s tu d ies  
carried  out a t  the U n iversity o f  Warwick i s  provided in  Appendix I ,  
which has been w ritten  t o  provide the reader with a b r ie f  o v e r  view o f 
X-ray crysta llograph ic theory and p ractice .
In  the la t t e r  section  (5 .2 .2 ),  the f in a l fra c tion a l coord inates, 
interatomic d istances and interbond angles are provided f o r  each 
compound studied. Discussion o f  the inportant features o f  th is  
information can be found in  the relevant sections o f  Chapters 3 and 4.
Space lim ita tion s  do not permit the presentation in  th is  thesis 
o f  the la rge  volume o f  structure fa c to r  data obtained fo r  th e  ten 
compounds characterised by X-ray c rys ta llo g raphy . Complete s e ts  o f 
c rys ta llograph ic  data (including structure fa c to r  tab les ) f o r  a l l  o f 
the compounds characterised in  th is  thesis  have been reta ined  by 
Dr N. W. Aloock (Un ivers ity  o f  Warwick, Coventry, CV4 7A1). Th is  
information w i l l  be deposited w ith the Cambridge C rysta llograph ic Data 
Centre, (U n ivers ity  Chemical Laboratory, Lens f i e ld  Road, Cambridge CB2 
1EW), when a l l  o f  the structures have been published.
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The data o o lle c t ic n , structure solu tion  and refinement fo r  a l l  
ten  compounds studied was carried  out as described below, w ith 
exceptions to  the genera l procedure as noted. Discussion o f  the found 
structures are given in  Chapters 4 and 5. Tb supplement the general 
descrip tion  o f  the c ry s ta l structure analysis outlined below, 
inform ation relevant to  each ind iv idual X-ray study is  thwi provided.
gawatM. wsmop
Crystals were mounted on quartz filam ents and sealed in  thin 
<*iartz g lass Linderoarm tubes under a n itrogen  atmosphere, in  order to  
p ro tec t the compounds from ox ida tive  degradation o r  solven t losses.
D iffrac tion  data was co lle c ted  a t  ambient temperatue w ith  a 
Syntax P21 four c ir c le  d iffractom eter operating in  the 0 - 2 0  mode, 
w ith  scan speed range o f  2  -  29° min“ 1, depending on the in ten s ity  o f  
a 2 s  pre-scan; backgrounds ware measured a t each end o f  the scan fo r  
0.25 o f  the scan time. Three standard re fle c t ion s  were monitored every 
200 r e fle c t io n s , and any s l ig h t  changes ware corrected by resca lin g . 
Uhit c a l l  dimensions and standard deviations were obtained by 
least-squares f i t  to  15 high angle r e fle c t io n s .
Chly observed re fle c t io n s  ( I  / <T ( i ) >  3.0) were used in  
refinem ent. Every r e f le c t io n  data set was corrected fo r  Lorenz, 
p o la r isa tion  and absorption e f fe c ts  using the Gaussian method233, 
except in  the case o f  compound (3 ) where ABS0GR 234 was used and 
acmpound ( 1 ) where no correction  was made.
For each compound, the heavy atoms (Ru, Os, o r Au) were located 
by th e  Patterson technique and the l ig h t  atoms (P , C l, B, C and cage 
bound H) then found an successive Fourier syntheses. The c lu s te r  and
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ligand ske le ta l a taros o f  a l l  ocropounda studied were found are! re fin ed . 
The carbon atom pos ition  w ith in  the carbaborane fragrant o f  each 
c lu s te r  was deduced from the inproved thermal parameter obtained when 
the atom was refined  as a carbon atom when ocnpared to  refinement as a 
boron atom.
Non-cage hydrogen atoms were given fix ed  iso trop ic  thermal 
parameters, U ■ 0.007 8  2. Those hydrogens indicated by the molecular 
geometry ( i . e .  Non-cage bound hydrogens such as those present in  the 
ligand PPh^) were inserted a t calculated pos itions  and not re fin ed .
F inal refinement was on F by cascade le a s t  squares methods with 
an isotrop ic thermal parameters fa r  a l l  atoms o ther than hydrogen. 
Weighting adxm a a t  th .  fo ra  w ■ [1/[<r2 (F> .  gp2] «e ra  u »d ,  ard 
shown to  be sa tis fa c to ry  by weight analysis. Ocnputing work was w ith  
the SHHJCTL system233 on a Data General DG30. Scattering fa c to rs  in  
the ana ly tica l farm and anomalous dispersion fa c to rs  were taken from 
the lite ra tu re233.
The crysta l data, c o lle c t io n  and refinement parameters fo r  
acnpounds (1 ) -  (7 ) and (10) -  (12) are given  in  Tfebles 24 -  27.
H Iy U 9*H***qr. PfftieftTjjcw
l9 a9M9 -ia O H ¥ t^ )2AaBO-9t &^3CB ^ 0-6 - lv n k 3) l  (1)
The crysta l used had an irregu lar ocnplex tabular shape. 
Measurement o f  the c rys ta l fo r  absorption correction  o f  the data was 
attempted but not completed. In  view o f  the modest e f fe c t  observed fo r  
the other ocnpounds studied, th is  cnmision was not considered t o  be 
serious.
The B-H( tarminai «  and Ru-H-B bridging hydrogens were not located.
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Tteble 24. Crystal data, c o lle c t io n  and refinem ent parameters
fo r  compounds (1 ) ,  (2 ) and (3 ) .
Ocnpound (1) (2) (3)
Formula < = 5 6 « 5 S W * * C56H5 5B8P300. C24H33B8W u
System Monoclinic Monoclinic Monoclinic
Space group P2,/n P2,/n P2,/n
Absences --- hOl; h ♦ 1 ■ 2n ♦ 1 and OkO; k - 2n ♦ 1 ---
a/* 17.023(7) 17.090(6) 12.642(2)
b/X 13.628(7) 13.634(4) 14.832(5)
c/X 22.353(7) 22.469(9) 14.327(4)
Beta/0 103.38(3) 103.65(3) 108.46(2)
u/83 5045(4) 5087(3) 2548(1)
M 1024.5 1113.6 540.0
Dc/9  O l '3 1.35 1.45 1.41
ajq cm-3 1.33 1.50 1.48
1 4 4 4
4.37 26.41 6.77
r(0O0) 2112 2240 1104




2» tm x/° 50 50 50
Range (20) about 






Crystal size / ran 0.52 x 0.24 x 0.47 0.7 x 0.3 x 0.55
9 0.0070 0.0014 0.00053
R 0.087 0.050 0.046
R' 0.089 0.050 0.047
Max.,min. on final 






25. C rysta l data, c o l le c t io n  and refinement parameters
fo r  compounds (4 ) and (5 ) .
Ocmpound (4 ) (S )
Fbrmula C56H54B8P30ORU C56H54B8P3OC1Ru
System T r ic l in ic Mcnoclinic
Space group pi" P21/c
Absences None hOl; 1 -  2n ♦ 1 







u/8 5 2917(3) 5323(3)
M 1059.3 1059.3
Dj/g os-3 1 .2 1 1.32
S 2 4
*, ( > M alph«/a,,' 1) 4.24 4.65
P(000) 1087 2176
Tbtal r e fle c t io n s 5442 6227
R e flec tion s  with 
l/sigm a (I) > 3.0
3281 3381
2»  mix/0 40 45
Ran?« 12« )  about 
Kalphal -  a lph«2/ 
Itosition/0
♦/-1 .2 ♦1 . 0/-1 .2
Transmission 
facto rs  (max.-min.)
0.93-0.89 0.96-0.89
Crystal s iz e  / mm 0.56 x 0.55 x 0.31 0.16 x  0.46 x  0.38
g 0.006 0.0000
R 0.097 0.0528
R' 0 .10 1 0.0528
Max.,min. on fin a l 
d e lta  F map/e i f -3
2 .1 ,-0 .9 0 .5 ,-0 .4
Fina l max. 
sh ift/ erro r
0 .2 -0.3
Tfrble 26. C rystal data, c o lle c t io n  and refinement parameters
fo r  compounds (6 ) and (7 ) .
Compound (6 ) (7 )
Formula C56H53B8p300»
System Monoclinic T r ic lin ic
Space group V2y/ c P i
Absences hOl; 1 -  2n ♦ 1 
OkO; k -  2n ♦ 1
None
./ * 12.401(2) 13.439(3)




Gam» / 0 - 90.45(2)
u/ * 3 5169(3) 9441(4)
N 1022.8 1112 .0




Tota l r e fle c t io n s 6740 20821
R e flec tion s  w ith 
i/sicpoad) > 3.0
4179 6466
2»  max/0 50 45
Range (20) about




fa c to rs  (max.-min.)
0.94-0.90 0.78-0.62




Max.,min. on f in a l 
d e lta  F map/e
0 . 8 ,-4).01 0.6 ,-1 .5
F ina l max. 
sh ift/ e rro r
-0.03 3.07
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Thble 27. C rysta l data, c o lle c t io n  and refinement parameters
fo r  compounds (1 0 ), (11) and (12 ).
Ccmpound (10) (1 1 ) (12)
Formula C38h54b16p2Au2 C92H98B16P5Au7 c 28H48B16p2Au2
System T r ic l in ic T r ic l in ic Monoclinic
Space group PI P i P2,/n
Absences None None hOl; h ♦ 1 -  2n 
OkO; k -  2n ♦  1
•j * 12.310(4) 17.025(9) 12.782(3)
b / * 12.747(4) 22.652(11) 18.609(3)
c/S 18.167(9) 13.929(7) 19.543(5)
Alpha/0 85.51(3) 74.05(4) -
Bata/° 73.40(3) 79.66(4) 102.36(2)
Gan*na/° 77.36(3) 89.64(4) -
U/ * 5 2665(2) 5076(4) 4541(2)
M 936.2 2910.9 1013.5
V ®  ° * ‘ 3 2.33 1.90 1.48
■V® ™ " 3 1.54 2.04 1.74
z 4 2 4
>‘ <*to- ,V lph*/™ ‘ 1 *
55.71 101.78 65.30
P (000) 1091 2715 1935
To ta l re fle c t ion s 6987 13355 7641
R eflec tion s  with 
l/sicpaa(I) > 3.0
4361 5716 3751
28 max/° 45 45 45
Range (20) about 
Kalpha1 -  alpha2/ 
lO e iticn /0
♦/-1 .0 ♦/ -1 .0
Transmission 
fa c to rs  (max.-min.)
0.50-0.40 0.40-0.31 0.38-0.30
Crystal size/nm 0,.42x0.21x0.30 0. 16x0.19x0.23 0. 33x0.32x0.34
9 0.001 0.0003 0.002
R 0.063 0.055 0.068
R' 0.067 0.050 0.072
Max.,min. on f in a l  
d e lta  F map/e i f -3
1.96,-2.3 1.45,-1.28 4 .58,-2 .7
F ina l max. 0.31 0.09 0 .0 12
■h ift/error
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The poor R value i s  a ttr ib u tab le  t o  the weak d if f r a c t in g  power o f  the 
c r y s ta l ,  v ir tu a lly  no d i f f r a c t io n  was observed above 40°. The r a t io  o f  
observed to  unobserved r e f le c t io n s  i s  on ly  0 .4.
The and Os-H-B b ridg ing  hydrogens were not located.
(3)
A l l  term inal) hydro9ens Anii B-H-B b ridging hydrogen atoms 
were lo ca ted  and re fin ed . The Ru-H hydride, ind icated from n.ra.r. 
sp ectroscop ic  evidence m s  not loca ted .
L 9 ^ 9 -tO 3 )(P Ih 3 ) aH fgX > ^ ,6 -»^ B 0^ - ^ C l - 5 - (P « i 3) ]  (4 )
The B-H^baralnalj hydrogens and Ru-H-B bridging hydrogen atoms 
were n o t located. A s in g le  molecule o f  dichloromethane solvent was 
found t o  be present in  the aaynmetric u n it.
I9 J9I 9-(aa)tpgh3 ) a-gg?x > ^ ^ f r - ^ i y >-7-C i-&-(PBh3)] (5 )
A l l  B-H( term inal) hydrogens and Ru-B-B bridging hydrogen atoms ware 
found and re fined .
t2 ,2 l 3 -lro )lP P h 3 ) a -C l« I ) - a .1 - l> m BHB-10-{PPh3)J  16).
’m e  ^ I t r a i l n a l )  h» dro9»>s »B r .  not lo c a t e .
12.2J3 - (g ) ) (m iJ)3-CIil»>-2.1-C»<atft , - ? - ( t « lJ) l  (7 ).
The c rys ta l used was encapsulated in  a light-petroleum  solven t 
atmosphere in  order to  reduce solvent losses from the c ry s ta l, a 
problem experienced on previous attempts to  obtain  X-ray data.
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Throe iscm eric oamacarbaborane c lu sters o f  the above formulae 
were id en tifed  in  th e  asymmetric u n it. The SHELTXL233 program has a 
l im it  on the number o f  atoms that i t  can re fin e . The l im it  is  200 
atoms in  the asymmetric unit and the number o f  is o tro p ic  atoms plus 
tw ice the number o f  an iso trop ic  atoms may not exceed 320. This 
lim ita tion  r e s tr ic te d  the refinement o f  the structure to  the present R 
value o f  0.1151, in  which a l l  o f  the carbon atoms in  the pos ition  
para- to  the P-C bond o f  the phenyl rings on the PPh^ ligands were 
em itted  in  order t o  not exceed the atom lim it . Completion o f  th is  
structure refinement i s  currently being pursued by Dr. N. W. Aloock 
(Un ivers ity  o f  Warwick).
TVro molecules o f  dichlorcmethane solvent were id e n t i f ie d  in  the 
asynmetric unit but n o t re fined . The B" H( term lnal) hydrogens were not 
located.
iA M M > ^ .6 .6 t-M i(C g^ 2) Jltte(PCcyclo<^a11) 3)al (10).
The possib le g o ld  positions generated by the computer from the 
Patterson map were found not to  r e f in e  adequately. A lte rn a tiv e  gold 
atom positions were th e re fo re  deduced from the cross -vec to r 
combinations ca lcu late d  to  produce the highest peaks in  the observed 
Patterson map.
Three gold  atom pos itions  were located , two o f  which required 
the assignment o f  h a l f  occupancies in  order to  re fin e  properly . This 
feature a lso  manifests i t s e l f  in  the refinement o f  the carbaborane 
c lu sters attached to  these gold  atoms.
Tto carbaborane c lu s te rs  were id e n t if ie d  as super inpoeed upon 
one ¿mother, the s k e le ta l  atoms o f  which were a l l  assigned h a lf
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occupancies in  order to  re fin e  the s tru ctu re  (see B( 111) t o  B(220) in  
Thble 49 ). These h a lf occupancy carbaborane fragments are the syn arxi 
anti carbaborane clusters o f  the ccmmo auracarbaborane anion 
^ CB8H12 A^u <^S8H1 2 ^ ” '  s^ee QlaPte r  5 - 1 )•  cation was id e n t if ie d  as 
[Au(P(cyclo-CgIlj^ >3 )2 ^*» the a terns o f  which refined  normally.
This e f fe c t  is  presumably due t o  dominance o f  the go ld  atom in  
the d if fr a c t io n  o f  X-rays corpared to  th e  associated l ig h te r  atoms o f 
the carbaborane c lu s te r . Id e a lly , one m ight expect that the syn and 
an ti conformations o f  the [ (CBgH ^Au iCBgH ^)!“  anion would be 
distingu ishable because o f  the d iffe ren c e s  in  o r ien ta tion  o f  the 
carbaborane fragments around the cen tra l go ld  atom. Because the two 
sub-cluster carbaborane fragments o f  each isomer are re la ted  by a 
m irror plane symmetry, f o r  both syn and a n t i conformations, one might 
a lso  not be surprised i f  on ly  h a lf o f  th e  molecule was revea led  i f  the 
gold  atom were positioned on an in vers ion  cen tre, i . e .  the [(G BgH ^Au ] 
component. In  th is  instance, both halves o f  the molecule  were 
detected, al be i t  with one h a lf cons is tin g  o f  the super im position o f  
two oppositely  orientated carbaborane fraepnants (see Figure 89, 
p.187). For both the syn and an ti isomer one h a lf o f  the molecule is  
id en tica l. The supersition o f  these two fragments g ives  p e r fe c t 
overlap, and the resultant auracarbaborane cage is  e a s ily  resolved .
This h a lf o f  the anion is  re ferred  to  in  the te x t  (Chapter 4 ,  Section 
1) as the ordered sub-unit. For the remaining halves o f  the syn and 
an ti isomers, th e ir  super imposition produces an array o f  eighteen 
a terns that required disentanglement in to  two CB0 cages, the disordered 
sub-units. This o f  oourse became apparent on ly a f t e r  nunerous 
unsuccessful attempts to  re fin e  the s in g le  an ti conformation o f  the 
anion from th is  array o f  possib le  a tan p o s it io n s .
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The dominance o f  the d i f fr a c t io n  o f  X-rays by the g o ld  atom has 
thus resu lted  in  both the syn and an ti conformations o f  the auraborane 
anion being located in  c rys ta llo graph ica lly  s im ila r p o s it io n s , with 
the two h a lf occupancy go ld  positions found to  be on ly 102 pm apart.
The supersition  o f  two borane ligands resu ltin g  from th e  
lo ca tion  o f  a  cen tra l go ld  atom on an inversion centre has been found 
by Welch e t  a l205 fo r  the ocrano auraboranes [ (B1QH1 2 )Au(B1 qH ^ ) ] ”  and
The problems encountered in  the X-ray c rys ta l lo g rap ic  study o f 
go ld  phosphine c lu s te r  ccnpcunds has been noted in  the l i t e r a tu r e 236, 
wherein the va lu e o f  even p a r t ia l structure elucidation  i s  seen to  be 
o f  b en e fit . The B-H( tarmi nai ) and B-H-B bridging hydrogens were not 
loca ted .
The « «5  B-H-B bridging hydrogens were n o t
loca ted . Che molecule o f  an organic so lvent ( l in ea r  -  Cg o r  Cg ) was 
p a r t ia l ly  located but not re fin ed .
The possib le  go ld  positions generated by the computer from the 
Patterson map were found t o  be inconsistent. An a lte rn a tiv e  g o ld  atom 
pos ition  was th ere fo re  deduced from the cross-vector combinations 
ca lcu lated  to  produce the h ighest peaks in  the observed Patterson  map. 
A re-run Patterson map w ith  th is  gold  position  included generated the 
requ ired second go ld  atom position .
The B-H. fMrit|<n|>1 and B-H-B bridging hydrogens were not lo ca ted .
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5 , 2 . 2 . I  p r a g m a »  m a n s  w  a t o m ic  cd- œ d in k is s .
The interatom ic d istances, interbond angles and atomic 
coordinates found from the X-ray crysta llograph ic studies o f  ocmpunds 
(1 ) t o  ( 6 ) and (10) t o  (12 ) sure given  in  Tables 28 -  52. The data fo r  
compound (7 ) ,  the c lo eo  osmacarbaborane have not been included because 
the refinement o f  th is  structure is  not ye t complete. The data fo r  
th is  compound w i l l  be published on completion.
The Tables 28 -  34 are those provided fo r  publication (see 
Conference Papers and Pub lica tions, p. I l l )  and consist o f  selected 
interatom ic distances and bond angles. The Tables 35 to  52 inclu sive 
are reproductions o f  the o r ig in a l X-ray publication  tab les generated 
from computer f i l e s  o f  these ind iv idual X-ray studies. These have been 
used in  preference to  the previous format, in  order to  elim inate the 
p o s s ib il ity  o f  typographical e rro rs .
The atomic numbering scheme used fo r  descrip tion  o f  a l l  o f  the 
structures o f  the prepared metal lacarbaboranes in  Chapters 4 and 5 o f 
th is  th es is  has been based on the a ton ic numbering system used fo r  
ruthanacarbaborane(1 ) (see  Figure 59, p . 112). This consistent 
numbering enabled easy comparison o f  the carbaborana fragments o f  each 
c lu s te r  structure. During the crysta llograph ic refinement procedure 
however, oançounds (4 ) and (5 ) were assigned sk e le ta l boron atom 
numbers that d i f f e r  from th is  standard system. Thus when inspecting 
the Tables 35-40 the fo llow in g  atom numbering va r ia t ion  must be noted. 
The atoms id en t if ie d  as B (3 ),(1  ) , (7 ) , (5 ) ,< 1 0 ) , (8 )  and P (2 ),<1 ) in  the 
Thbles correspond to  the atoms B(1 ) , ( 3 ) , ( 5 ) , ( 7 ) , ( 8 ) , (1 0 ) and P (1 ) , (2 )  
re sp ec tive ly , used in  the te x t  (see  Figures 72-73, p.140-141).
For the osmacarbaborane(2 ) ,  the s im ila r Interchange o f  B (1,3)
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and P (1 ,2 ) have been made from the o r ig in a l crysta llograph ic 
numbering, but in  th is  instance, the Tables 28-29 and 31 are those 
provided fo r  publication, as noted e a r l ie r ,  and have been a ltered  to  
conform to  the standard numbering scheme.
The crysta llograph ic numbering scheme used fo r  the remaining 
compounds are as given in  the te x t .  Note that the numbering schemes 
used f o r  the auracarbaboranes ( 10 ) ,  ( 1 1 ) and ( 1 2 ) a re  the same as that 
used in  the te x t , (Chapter 5 ) and conform to  the standard scheme, 
a lb e it  w ith  the f i r s t  and seoond carbaborane fragments being numbered 
as B(10x) and B(20x) resp ec tiv e ly . In  the case o f  compound (10 ), where 
three carbaborane fracjnants e x is t ,  these are denoted by B(10x), B(11x) 
and B(21x)
Discussion o f  the lnportant interatomic d istances and interbond 
angles can be found a t the re levan t parts o f  Chapters 3 and 4.
The units fo r  the Iso trop ic  Thermal Parameter, U, preedited in  
Tables 37, 40 , 43, 46 , 49 and 52 arm ft 2 x  103.
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Table 28. Selected interatomic distances (pm) with 
standard deviations in  parenthesis, fo r 
(9,9,9-(aO)(PPh3)2-Nido-9,6-RuCB8H10-5-(PPh3)] (1) arri 
[9f9,9-(CD)(PFh32-Nido-9,6-OsCB8H10-5-(PPh3)] (2 ).
Compound (1) (2) (1) (2)
a) From the Metal atom,. (M - Ru, Ob ) .
M(9)-P(1) 233.9(5) 234.9(4) M(9)-B(8) 227(2) 226(2)
M(9)-P(2) 239.8(5) 238.1(4) M(9)-B(10) 236(2) 234(2)
M(9)-B(4) 227(2) 230(2) M(9)-C(1) 190(2) 175(2)
b) Boron-boron
B(1) —B( 2) 178(3) 180(3) B(3)-B(4) 190(3) 182(3)
B(1)-B(3) 179(3) 183(2) B(3)-B(7) 169(3) 178(2)
B(1)-B(4) 178(3) 182(2) B(3)-B(8) 175(3) 172(2)
B(1)-B(5) 174(3) 178(2) B(4)-B(8) 186(3) 182(2)
B(1)-B(10) 170(3) 183(2) B(4)-B(10) 185(3) 187(2)
B(2)-B(3) 172(3) 182(2) B(5)-B(10) 185(3) 191(3)
B(2)-B(5) 182(3) 175(2) B(7)-B(8) 194(3) 207(3)
B(2)-B(7) 186(3) 183(2)
c ) Boron-carbon
C(6)-B(2) 175(3) 173(2) C(6)-B(5) 154(3) 152(2)
C(6)-B(7) 157(3) 152(2)
d) Phosporus-carbon
P(1)-C(111) 183(2) 184(1) P (1 ) —C( 121) 183(2) 187(1)
P(1)-C(131) 187(2) 184(1) P(2)-C(211) 185(2) 188(1)
P(2)-C(221) 178(2) 187(1) P(2)-C(231) 188(2) 186(1)
P(3)-C(311) 182(2) 181(1) P(3)-C(321) 182(2) 182(1)
P(3)-C(331) 180(2) 181(1)
• ) Others
B(5)-P(3) 192(2) 197(1) C (l)-O d ) 110(2) 122(2)
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Table 29. Selected inter-bond cingles ( ° ) ,  with
standard deviations in  parenthesis, fo r  
[ 9 , 9 , 9-(OD)(PPh3 ) 2-N ido-9 , 6-RnCB8H10 - 5-(PPh3 ) ]  (1 ) and 
[9 ,9 ,9 -(œ )(P P h 3 2-Nido-9,6-OeŒ8H10 -5-(PPh3) ]  (2 ) .
Ocnpound (1) (2) CD (2)
a) At the Metal atom, (M » Ru, Os).
P(1 )-M (9)-P(2) 99.8(2) 99.4(1) B(4)-M(9)-B(8) 48.4(7) 47.0(6)
P(1)-M(9)-C(1) 89.5(6) 90.0(6) B(4)-M(9)-B(10) 47.1(7) 47.5(5)
P(2)-M(9)-C(1) 97.3(5) 96.7(6) B(8)-M(9)-B(10) 78.1(7) 78.8(6)
P(1)-M(9)-B(4) 100.0(5) 100.8(4) P(2)-M (9)-B(4) 159.3(6) 158.5(5)
P(1 )-M(9)-B(8) 86.6(6) 85.7(4) P(2)-M(9)-B(8) 127.2(6) 128.1(5)
P(1)-M(9)-B(10) 145.2(5) 146.3(4) P(2)-M(9)-B(10) 114.4(5) 113.8(4)
C(1)-RU(9)-B(4) 88.9(7) 90.6(8) C(1)-RU(9)-B(8) 135.4(8) 135.1(7)
C(1 )-RU(9)-B(10) 80.3(8) 80.7(7)
b) About open faoe
B(5)-C(6)-B(7) 114.6(19) 114.2(13) C(6)-B(7)-B(8) 118.2(17) 117.8(12)
B(7)-B(8)-M(9) 120.2(11)
ooCO B(8)-M(9)-B(10) 78.1(7) 78.8(6)
RU(9)-B(10)-B(5) 122.8(12) 122.3(10) B(10)-B(5)-C(6) 117.4(16) 117.8(12)
c ) Open faoe to  cluster base
M(9)-B(4)-B(1) 119.5(11) 122.2(10) C(6)-B(2)-B(1) 98.4(14) 102.4(11)
M(9)-B(4)-B(3) 115.7(11) 116.2(10) C(6)-B(2)-B(3) 98.3(15) 98.5(12)
B (5 )-B (1)-B (10) 65.0(13) 63.8(9) B(7)-B(3)-B(8) 68.5(13) 72.4(11)
d) Ligand to cluster
P(3)-B(5)-B(1 ) 121.8(13) 118.9(10) P(3)-B(5)-B(2) 118.6(13) 120.5(11)
P(3)-B (5)-C(6) 120.2(16) 120.8(11) P(3)-B(5)-B(10) 116.2(12) 112.4(10)
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T a b l e  30, Final fra c t io n a l coordinates (x  10*),
w ith standard d ev ia tion s  in  parenthesis, fo r
[9 ,9 ,9 -(aD )(PPh3 ) 2-Ni^-9,6-RuCB8H10-5-(PPh3)] (1 ) .
Atom X Y Z
Ru<9) 3276(1) 6436(1) 6091(1)
B(1 ) 4053(13) 8704(15) 5764(9)
B(2) 4651(13) 8547(16) 5215(8)
B<3) 3656(14) 8179(14) 5020(9)
B(4) 3169(13) 7977(13) 5695(8)
B(5) 4968(13) 8093(14) 5998(9)
C(6) 5087(14) 7418(12) 5471(8)
B(7) 4319(15) 7296(16) 4933(10)
B<8) 3297(14) 7005(14) 5140(9)
B(10) 4085(14) 7855(15) 6327(9)
P (U 1982(3) 5841(3) 5650(2)
P(2) 3891(3) 4964(3) 6571(2)
P(3) 5886(3) 8693(3) 6540(2)
C(1) 2890(12) 6916(13) 6769(8)
o(i) 2671(9) 7284(10) 7137(6)
CC111) 1538(13) 4996(13) 6115(8)
CC112) 995(11) 4216(15) 5865(9)
C(113) 725(12) 3621(15) 6238(9)
C(114) 857(11) 3706(14) 6831(9)
C(115) 1338(12) 4471(13) 7115(8)
C(116) 1655(15) 5106(14) 6750(8)
C(121) 1876(11) 5147(11) 4935(7)
C( 122) 2344(12) 4409(13) 4894(8)
C(123) 2297(15) 3808(14) 4375(9)
C(124) 1641(15) 3986(14) 3880(10)
C( 125) 1090(15) 4738(16) 3921(9)
CC126) 1181(14) 5309(13) 4428(8)
C(131) 1165(11) 6784(12) 5462(7)
C(132) 1281(12) 7536(11) 5066(8)
C(133) 690(12) 8216(16) 4907(8)
C(134) -13(17) 8187(15) 5096(10)
C(135) -108(14) 7432(15) 5473(10)











































































































Thble 31 Pinal fractional coordinates (x  10*),
with standard deviations in parenthesis, for
[9.9.9-(CP)(PFh3)2-Nido-9.6-QsCB8H10-5-(PPh3)l  (2 ).
Atom X Y Z
0s(9) 3273(1) 6453(1) 6090(1)
B(1) 4051(10) 8796(12) 5749(8)
B(2) 4667(10) 8546(14) 5217(7)
B(3) 3614(10) 8181(13) 5025(7)
B(4) 3179(11) 8007(12) 5681(8)
B(5) 4961(9) 8115(12) 5967(8)
C(6) 5087(9) 7425(10) 5467(6)
B{7) 4354(10) 7312(12) 4936(7)
B(8) 3261(10) 7035(12) 5146(8)
B(10) 4083(9) 7852(13) 6330(7)
K D 1983(2) 5839(3) 5644(2)
P(2) 3888(2) 4994(3) 6563(2)
P(3) 5889(2) 8704(3) 6550(2)
C(1) 2925(10) 6881(13) 6717(9)
0(1) 2695(7) 7267(9) 7134(5)
C(111) 1533(7) 4987(10) 6107(5)
C(112) 1045(8) 4219(10) 5846(6)
C(113) 726(9) 3584(12) 6197(6)
C(114) 856(9) 3696(11) 6602(7)
C(115) 1335(9) 4491(12) 7074(7)
C(116) 1683(9) 5131(12) 6724(7)
C(121) 1179(8) 6791(10) 5440(6)
C(122) 494(9) 6758(10) 5657(7)
C(123) -108(10) 7456(12) 5490(8)
C(124) -28(10) 8182(11) 5103(7)
C(125) 662(10) 8243(11) 4886(7)
C(126) 1262(9) 7544(11) 5053(6)
C(131) 1833(8) 5156(10) 4918(6)
C(132) 2388(9) 4430(11) 4886(6)
C(133) 2253(10) 3856(12) 4355(7)
C(134) 1595(9) 4018(11) 3865(6)
C(135) 1095(8) 4732(11) 3922(6)
C(136) 1199(8) 5303(10) 4431(6)
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Table 31 continued,
C(211 ) 4954(8) 4926(10) 6476(7)
C(212) 5156(9) 5250(10) 5952(7)
C(213) 5922(9) 5118(12) 5864(8)
C(214) 6496(11) 4702(12) 6311(8)
C(215) 6334(10) 4402(12) 6852(10)
C(216) 5575(9) 4505(11) 6953(7)
C(221) 3565(9) 3719(10) 6317(7)
C(222) 3992(10) 3192(10) 5974(7)
C(223) 3756(10) 2245(11) 5811(7)
C(224) 3141(11) 1825(11) 5988(7)
C(225) 2703(11) 2322(12) 6316(8)
C(226) 2926(8) 3301(11) 6475(7)
C(231) 4029(9) 4963(11) 7411(6)
C(232) 32891(11) 4108(12) 7731(7)
C(233) 4024(15) 4161(16) 8363(8)
C(234) 4260(15) 5034(14) 8674(8)
C(235) 4412(13) 5843(14) 8360(8)
C(236) 4289(11) 5796(11) 7724(7)
C(311) 6782(8) 8782(9) 6247(6)
C( 312) 6757(9) 9253(11) 5700(7)
C(313) 7434(9) 9403(13) 5483(7)
C( 314) 8185(11) 9130(13) 5857(7)
C( 315) 8242(9) 8635(13) 6376(7)
C( 316) 7540(9) 8437(11) 6583(7)
C(321 ) 5728(9) 9960(10) 6768(6)
C( 322) 5110(10) 10113(12) 7047(7)
C(323) 4977(10) 11073(12) 7247(8)
C(324) 5442(11) 11807(11) 7162(7)
C( 325) 6046(14) 11646(12) 6863(9)
C( 326) 6172(10) 10761(11) 6677(8)
C(331) 6196(8) 8050(11) 7266(6)
CC332) 6139(11) 7038(12) 7274(7)
C( 333) 6418(11) 6522(13) 7822(7)
C( 334) 6712(9) 6990(13) 8352(7)
C( 335) 6770(11) 7975(14) 8359(8)
C( 336) 6509(9) 8502(12) 7815(6)
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'R&ble 32. Selected interatomic distances (pm), w ith  
standard deviations in  parenthesis, fo r  
ti^^ -P l-C jH jJ tH liP P h jJ -a ra d w -S ^ -R u G B g^ j] (3 ) .
a )  From the ruthenium atan
R u (9 )-P (1 ) 231.1(1) Ru(9)-C(S5) 219.3(5)
Ru(9)-C(51) 222.2(5) Ru(9)-B (4) 225.2(5)
Ru(9)-C(52) 229.8(5) Ru(9)-B (8) 231.6(5)
Ru(9)-C(53) 228.5(5) Ru(9)-B(10) 230.3(6)
Ru(9)-C(54) 222.4(5)
b ) Boron-boron
B(1 ) —B( 2) 172.0(10) B (3 )-B (4 ) 176.6(9)
B (1 )-B (3 ) 178.0(10) B (3 )-B (7 ) 177.4(9)
B (1 )-B (4 ) 178.0(10) B (3 )-B (8 ) 178.8(9)
B (1 ) —B(5) 180.7(9) B (4 )-B (8 ) 176.1(7)
B (1 ) —B(10) 178.6(9) B (4)-B (10) 178.2(8)
B (2 )-B (3 ) 172.3(11) B (5)-B (10) 190.4(10)
B (2 )-B (5 ) 176.9(10) B (7 )-B (8 ) 186.3(11)
B (2 )-B (7 ) 177.4(10)
c )  Boron-carbon
C (6 )-B (2 ) 166.0(7) C (6 )-B (5 ) 171.2(9)
C (6 )-B (7 ) 173.6(10)
d ) Phosphorus-carbon
P (1 )-C (111) 183.6(5) P (1 )-C (121) 183.1(4)
P( 1 )—C( 131) 184.5(4)
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Table 33, Selected  inter-bond angles ( ° ) , with
standard deviations in  parenthesis, fa r  
[9 ,9 >9-(r\-C ,H ,)(H )(PPh j)-arachno-9.6-RuCBQH1^1 (3 ) .
a ) At the ruthenium atom
P(1)-Ru (9)-C (51) 96.2(2) B(4)-Ru(9)-B (8) 45.3(2)
P (1)-Ru (9)-C (52) 127.4(2) B(4 )-Ru(9)-B(10) 46.1(2)
P (1)-Ru (9)-C (53) 155.0(2) B(8)-Ru(9)-B(10) 78.9(2)
P (1)-Ru (9)-C (54) 127.4(2) B(4)-Ru(9)-C(51 ) 149.1(2)
P (1)-Ru (9)-C (55) 95.8(1) B(4)-Ru(9)-C(52) 126.8(2)
P (1 )-Ru (9 )-B (4 ) 79.7(2) B(4)-Ru(9)-C(53) 124.6(2)
P (1 )-Ru (9 )-B (8 ) 89.8(2) B(4)-Ru(9)-C(54) 143.5(3)
P(1)-Ru(9)-B (10) 111.9(1) B(4)-Ru(9)-C(55) 172.5(2)
b ) About open face
B (5 )-C (6 )-B (7 ) 110.7(4) C (6 )-B (7 )-B (8 ) 115.9(5)
B (7)-B (8)-Ru(9) 122.1(3) B(8)-Ru(9)-B(10) 78.9(2)
Ru(9)-B (10)-B (5) 121.3 (* ) B (10)-B (5)-C (6) 115.6 (*)
B (5 )-H (510)-B (10) 89.3(29) B(7)-B (78)-B (8) 87.9(22)
C(6 )-B (5 )-H (510) 93.0(23) C(6)-B (7)-H (78) 94.7(19)
Ru(9)-B (10)-H(510) 88.2(25) Ru(9)-B(0)-H(78) 87.4(20)
B (2 )-C (6 )-H (61) 108.7(25) B (5)-C(6)-H (61) 118.6(29)
B (7 )-C (6 )-H (61) 117.6(29) B(2)-C(6)-H (62) 143.3(50)
B (5)-C (6)-H (62) 93.2(41) B(7)-C(6)-H (62) 105.5(50)
H(61)-C(6)-H(62) 107.2(57)
c )  Open face to  c lu s te r  base
* i (9 )-B (4 )-B (1 ) 124.0(3) C(6)-B(2)-B(1 ) 111.3(5)
Ru(9)-B (4)-B (3) 125.1(3) C (6 )-B (2 )-B (3 ) 112.9(5)
B (5 )-B (1 )-B (10) 64.0(4) B (7 )-B (3 )-B (8 ) 63.1(4)
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Tfrble 34, Final fractional coordinates (x 10*)
w ith  standard d ev ia tion s  in  parenthesis, fo r  
[9,9,9-(r\.-C5H5 )(H )(PPh 3 )-arad}no-9,6-Ru(B0H12] (3 ) .
Aten X Y Z
Ru(9) 2226(1) 7212(1) 7709(1
B(1 ) 5178(5) 7461(5) 8387(4
B(2) 5262(5) 8288(5) 7572(4
B(3) 4683(5) 8572(4) 8471(4
B(4) 3928(5) 7635(4) 8683(4
B(5) 4834(6) 7201(5) 7093(4
C (6 ) 4318(5) 8173(4) 6469(4
B(7) 4043(6) 8966(4) 7253(5
B (8 ) 3192(5) 8563(4) 8021(4
B(10) 4012(5) 6730(4) 7891(4
P d ) 1901(1) 7325(1) 9204(1
C(51) 513(4) 7591(4) 6786(4
C(52) 1210(5) 7857(4) 6241(4
C( 53) 1723(5) 7076(4) 6037(3
C(54) 1340(5) 6338(4) 6441(4
C(55) 584(4) 6657(4) 6900(3
C(111) 481(4) 6968(3) 9112(3
C(112) -42K4) 7544(4) 9001(4
C(113) -1474(4) 7221(4) 8844(4
C (114) -1677(4) 6318(4) 8811(4
C<115) -801(4) 5727(3) 8945(4
C(116) 257(4) 6047(3) 9100(3


















































standard deviations in  parenthesis, fo r  
i9 .9 .9 -((D )(PPh 3 ) ::-nido-9,6-RuCB0H0-3-C l-5-(PPh3) ]  (4 ).
Tfrble 35. Interatomic distances (pm), with
R u (  9  ) - P (  1 )  2 .
R u <  9  >-C< i )  1
R u <  9  ) - B (  8  )  2
p k  i  > ~ c < t i n  1
F k 1 ) - C ( 1 3 1 )  1
P k 2 ) - C ( 2 2 1 )  J. 
P k 3 ) - B ( 7 )  1
P <  3  ) - C (  3 2 1  > 1
CJ < 1 > - B < 1 )  1
c k  i 2> - c <  10 > 1
B ( l ) - B ( 2 )  1
8 k I ) - B < 4 >  1
B k 1 >-3(10) l 
B k ? > - B < 5 >  1
B< 2  ) - B (  7  > i 
B < 3  ) - B (  7  )  l  
B ( 4 > - B < 8 )  1
B k 5 > - C < € >  l  
B <  7  > ~ B <  8  > l  
C <  I I I  > - C <  1 1 6 >  1 
C < 1 1 3 > - C < U 4 >  1 
C <  I  I5 )-C ( 116) J 
C< 1 2 1  > - C <  1 2 6 >  1 
C k 1 2 3  ) - C k 1 2 4  > 1 
C <  1 2 5 > - C <  1 2 6  > 1 
C< 1 3 1  > ~ C (  1 3 6  > 1 
C <  1 3 3  > - C <  1 3 4 )  l  
C* 1 3 5  > - C <  1 3 6  > i  
C < I H  > - C < 2 1 4 >  i 
C < 2 t 3 > - C < i l 4 >  l  
C < 2 1 5  ) - C <  2 1 6  )  1 
C k 2 2 1  '— C k 2 2 6 )  1 .  
C < 7 2 3 ) - C < 2 2 4 >  l  
C i 2 2 5  > - C < 2 2 6 )  1 
C < 2 3 1 ) - C < 2 3 6 >  1 
C < 2 3 3 ) - C < 2 3 4 >  1 
C k 2 3 5  > - C <  2 3 6  > i  
C < 3 1 1  > - C < 3 1 6  > 1 
C <  3 1 3  >“ C (  3 1 4  )  1 
C k 3 1 5  >~Ck 3 1 6  )  1 
C k 3 2 1  > - C < 3 2 5 )  1 
C< 3 2 3 ) «  3 2 4 )  1 .  
C k 3 2 5  > - C <  3 2 6  )  1 
C k 3 3 1 > ~ C <3 36 )  1 .  
C < 3 3 3 ) - C < 3 3 4 )  1 
C k 3 3 5 ) - C < 3 3 6 )  1
3 6 6 k 4 )  
3 8 6 ( 2 5 )  
2 9 3 ( 2 3 >342k24 )
3 9 0 ( 2 4 >  
. 7 9 1 ( 1 9  )  
9 6 5 ( 2 6 )  
. 7 8 4 ( 1 6 )  
8 8 3 ( 1 9 )  
6 5 1 ( 5 5 )  
7 4 8 ( 4 1 )  
8 5 2 ( 3 7 )  
7 7 4 ( 3 0 )  
8 7 0 ( 3 2 )  
7 8 0 (  33  > 
7 7 6 ( 3 3 )  
8 1 6 ( 2 7 )  
5 4 0 k 3 0 )  
. 8 9 6 ( 4 4 )  
3 3 6 ( 4 0 )  
4 3 2 ( 6 3 )  
3 3 9 ( 5 4 )  
. 2 9 4 ( 2 6 )  
4 3 2 k 3 5 )  
3 8 3 ( 34>  
3 5 1 ( 2 1  )  
4 5 8 ( 2 5 )  
4.10- 3 7  )
. 3 3 2 ( 2 6 )  
2 9 5 ( 3 4 )  445(36) 
4 3 1 ( 2 9 )  
3 7 6 ( 3 9 > 
3 5 7 ( 2 3 )  
2 7 8 k 33 )  
2 9 7 ( 4 3 )  
5 2 5 ( 2 7 )  
3 1 4 ( 2 8 )  
2 9 2 ( 3 7 )  
4 0 3 ( 4 5 )  
5 0 3 ( 3 9 )  
3 7 6 ( 4 0 )  
3 0 0 ( 2 6 )  
3 2 1 ( 2 7 )  
3 1 0 ( 3 1  )  
3 3 6 ( 3 7 )
R u ( 9 ) - P ( 2 )  
R u (  9 ) - B (  4 )  
R u ( 9 ) - B ( 1 0 )  
P (  1 ) - C (  12 1 )  
P (  2  ) - C (  2 1 1  )  
P ( 2 ) - C ( 2 3 1  )  
P ( 3 ) - C ( 3 U )  
P ( 3 ) - C ( 3 3 1 )  . 
C l ( l l ) - C ( 1 0 )  
C ( 1 ) - 0 ( 1 )
B (  1 ) - B k 7  > 
B ( 1 ) - B k 5 )
B ( 2 ) ~ B ( 3 )B(2 )-C(6)
B ( 3 ) - B ( 4  )  
B ( 3 ) - B ( 3 )
B ( 4 ) - B ( 1 0 )
C ( 6 ) - B (  
C ( 1 U  >-i 
C ( 1 1 2 )  
C < 1  J4>-I 
C ( 1 2 1 )  
C< 1 2 2  >-i 
C ( 1 2 4 ) ~  i 
C (  1 3 1  >-i 
C (  1 3 2  ) - <  
C (  1 3 4  >■ 
C (  2 1 1  ) ~ i  
C ( 2 1 2 ) - t  
Ck 2 1 4  >-i 
C ( 2 2 1  )  
C < 2 2 2 >  
C k 2 2 4  )  
C k 2 3 1  
C (  2 3 2  >-i 
C ( 2 3 4 ) - <  
C (  3 1 1  >-i 
C (  JI2>-i 
C (  3 1 4  )-i 
C ( 3 2 1 ) -  
C (  3 2 2  ) - >  
C (  3 2 4  )-i 
C( 3 3 1  ) - <  
C ( 3 3 2 ) ~ t  
C (  3 3 4  ) - i
7 )
C (  1 1 2 )  
C k 1 1 3 )  
C ( 1 1 5 )  
C (  1 2 2 )  
C (  1 2 3 )  
C(125) 
Ck 132) 
Ck 133 ) 
( 1 3 5 )  
C (  2 1 2 )  
C ( 2 1 3 )  
C ( 2 1 5 )  
C (  2 2 2 )  
C ( 2 2 3 )  
C ( 2 2 5 )  
C ( 2 3 2 )  
C ( 2 3 3 > 
C ( 2 3 5 )  
C (  3 1 2  )  
C (  3 1 3 )  
C ( 3 1 5 )  
C ( 3 2 2 )  
C ( 3 2 3 )  
C ( 3 2 6 )  
C k 3 3 2 )  
C ( 3 3 3 )  
C ( 3 3 5 )
2  3 6 8 ( 6 )
2  2 6 8 ( 1 7 )  
2  3 1 6 ( 2 2 )  
1 8 7 9 ( 2 8 ' ■  
1 8 7 3 ( 2 3 )  
1 . 8 0 3 ( 1 6 )  
1 794 k 2 5 )  
1 8 2 8 ( 2 1 )  
1 . 9 3 2 ( 4 5 )  
1 1 7 7 k 31 ■ 
1 7 4 8 ( 3 3 )  
1 7 7 4 ( 3 2 > 
1 8 1  I k 4 4 )  
1 . 6 6 8 ( 2 3 )  
1 8 3 3 ( 3 9 )  
1 7 9 5 ( 3 3 )  
1 8 6 2 ( 2 8 )  
1 . 5 5 8 ( 3 1 >  
1 4 2 7 ( 3 5 )  
1 4 1 9 ( 5 2 )  
1 0 3 3 ( 8 3 )  
1 3 3 4 ( 2 3 )  
1 4 4 6 ( 3 4 )  
1 3 1 8 k 2 9  )  
1 4 0 8 k 3 7 )  
1 3 8 3 k 3 9  > 
1 3 8 5 ( 4 1 >  
1 3 7 0 ( 3 1 )  
l  4 5 1 ( 3 9 )  
1 3 4 3 ( 3 7 )  
1 3 4  4  (  3 0  )  
1 4 4 3 k 3 2 )  
1 .3 8 8 ( 3 3 )  
1 . 3 9 2 k 3 6 )  
1 2 7 8 k 2 9  )
1 3 5 3 ( 4 9 )  
1 3 5 1 ( 4 9 )  
1 3 1 7< 31 > 
1 . 4 1 7 ( 2 4 )  
1 . 3 9 6 ( 3 6 )  
1 . 4 1 6 ( 2 7 )  
1 3 3 2 ( 3 5 )  
1 4 6 2 ( 3 2 )
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Table 36, Interbond angles ( ° ) , w ith  standard 
d ev ia tion s  in  parenthesis, fa r
l9 ,9,9-<00)(PPh3 )2-ni^-9,6-RuCB8H9-3-C l-5-(PPh3 ) ] (4 )
P r  1 ) - R u r 9 ) - P ( 2 )
P r  2  ) - R u (  9  ) • € (  1 )  
P ( 2 ) - R u < 9 ) - 6 ( 4 )
P <  1 ) ~ R u (  9  ) ~ B (  S  )
C< 1 ) - R u <  9  ) - B (  8  )
P <  1 ) - R u <  9 ) - B (  1 8 )  
C ( 1  ) - R u ( 9 ) - B (  ¡ 8 )
B< 8  >-#?uv 9  ) - B (  1 9  )  
R u r  9  ) - P (  1 ) - € ( 1 2 1  > 
R u r  9  - F -  1 >-C< 131 )  
C (  ¡ 2 1 >-P(l)-C (131 > 
R u < 9 ) - P ( 2 > - C ( 2 2 1  > 
R u <  9  > - P (  2  ) • € <  2 3 1  )  
Cr 2 2 1  ) - F (  2  ) - C <  2 3 1  )  
B (  7  > - P <  3  ) • € (  3 2 1  > 
B ( 7 ) ~ P ( 3 ) ~ C ( 3 3 1  >
C (  3 2 1  > - F (  3  ) - C (  3 3 1  )  
R u r  9  ) - C (  1 ) - 0 (  1 )  
C 1 ( 1 ) ~ B r  1 — B ( 3 )
C l <  1 ) - B (  1 ) ~ B < 4 )
B (  3  > - B (  1 ) - B r  4  >
B r 2  > - B <  1 ) - B (  5 >
Br 4  ) - B (  1 ) - B (  5  )
B < 2  ) - B ( 1 ) - B (  ¡ 8 )
B '  4  ' - B r  1 ) - B (  1 8  >
Br  1 >-B ( 2 — B ( 3 )  
B < 3 ) - B ( 2 ) ‘ B ( 5 )
Br  3  ) - B (  2  '— Cr 6  )  
f .  | .-civ J* --O. 7 )
B< 5  - B (  2  ) - B (  7  >
S r  1 -‘ - S r  3  '— Sr  2 )
Br  2  '— Br 3  ) - B (  4  )
B (  2  ) - B (  3  > - B (  7  )
B r  1 > - B ( 3 ) - B ( 8 )
Br  4 ) - B (  3  ) ~ B (  8  )  
R u ( 9 ) - B ( 4  : - B ( l >  ”  
B r 1 >-B ( 4  ) - B ( 3 )
B (  1 ) - B ( 4 ) - B ( 8 )
R u r  9  ) - B <  4  > - B (  1 8 )
Br 3  — Br 4  — B r ¡ 8  >
§< 1 - B r  5 - S '  i  )
B < 2  > - B r  5 ) - C ( 6 )
Br  2  >-t < e> ) - B r  7 >
P (  3  ) - B (  7 ) - B ( 2  >
Br 2  —  B< 7 ■-£?• J .
B < 2 ) - B ( 7 ) - C < 6 >
P <  3  ) ~ B (  7  ) - B (  8  >
1 8 8  6 ( 2  > 
9 2 . 4 ( 8 )  
9 8  9 ( 5 )
1 1 4  6 ( 5 )  
8 2  8 ( 1 8 )  
1 2 8  9 ( 5 )  
1 3 9 . 4 ( 7 )  
7 8  5 ( 8 )  
1 1 4  6 ( 5 )  
¡ 1 5  1 ( 7 )
1 8 8  8 ( 9 )  
1 1 6  7 ( 8 )  
1 1 1  7 ( 7 )  
1 8 3  2 < 8 )
1 8 9  3 ( 9 )  
¡ 1 4 . 8 ( 1 2 )  
1 8 6  8 ( 9 )  
1 7 2  5r  1 7 -  
1 2 1  3 ( 1 2 )
1 1 4  7 ( 1 5 )  
6 1  1 ( 1 5 )  
6 4 . 1(14 )
116 4 ( 1 4 )  
1 2 3 . 4 ( 1 4 )
6 1  8 (  1 3 )
58 8(15)
183 6r 28 ' 
182 3 ( 1 8 )
9 $  2-, 28 ) 
9 3  4< 14 • 
5 3  8 ( 1 5 )
1 1 5  9 ( 1 6 )
5 9  5 ( 1 4 )  
1 8 6  8< 1 6 )
6 8 .  1 ( 1 3 )
1 1 7  8 ( 1 8 )
5 6  ev 1 4 )  
1 8 1  8 ( 1 7 )
6 7  4 ( 8 )
1 8 4  4 ( 1 7 )
5 7  3 ( 1 4 )  
5 7  6 ( 1 2 )  
6 6  9 ( 1 3 )
1 2 1  2 ( 1 9 )  
6 1  2 ( 1 5 )  
5 9  5 ( 1 2 )  
1 1 5  9 ( 1 4 )
Pr l )-Ru (9 )-C (l )
Pr 1 )-Ru( 9 )-B( 4 )
Cr l )-Ru( 9 )-B( 4 ) 
P (2 )-R u (9 )-6 (S ) 
B (4 )-R u(9 )-B (8 ) 
P(2)-Ru(9)-Br 18)
Br 4 )~Ru< 9 ) ~ B (  1 8 )  
R u ( 9 ) - P ( l ) - C ( l l l )
C r 1 1 1 ) ~ P ( 1 ) - C r  121  )  
C (  111  ) - P (  1 ) “ C (  1 3 1 )  
R u ( 9 > - P ( 2 ) - C ( 2 U )  
C ( 2 1 1  ) - P ( 2 ) - C *  2 2 1  )  
C ( 2 1 1 ) ~ P (  2  ) ~ C (  2 3 1  )  
B ( 7  - P ( 3 ) - C ( 3 l l  )
C ( 3 1 1 ) - P ( 3 ) - C ( 3 2 1  )  
C (  3 1 1 ) - P ( 3 ' — C ( 3 3 1 >  
C l ( l i ) - C ( 1 B ) - C l ( 1 2 )  
C l (  1 ) ~ B (  1 ) “ B ( 2 )
Br 2 — B r 1 ) - B (  3 )
Br 2  ) - B (  1 ) - B (  4 )
C l r  1 ) - B ( 1 ) ~ B < 5 )
B '  7  - B r  1 ) - B < 5  >
C l (  1 ) - B (  1 ) ~ B (  1 8 )
B ‘ 3  ) - B (  1 ) - B r  1 8 )  
B r 5 ) - B r  1 ) - B r  1 8 )
Br 1 ) - B (  2  >-9i 5 >
Br 1 ) - 8 (  2  ) “ C (  6  )  
S r 5 ) - B ( 2 ) - C < 6 >
Br  3 - B r  2  ) - B (  7  )
Cr 6 ) - B ( 2 ) - S ( 7  )
Br  1 ) - 8 (  3  ) - 6 <  4  )
9 1  6 ( 5 )  
1 5 9  6 ( 6 )  
9 3 . 8 ( 8 )  
1 4 4  6 ( 5 )
4 6  9 ( 7 )  
8 3  8 ( 6 )
4 7  9 ( 7 )  
1 2 8  6 ( 6 )  
1 8 2  6 ( 1 8 )  
1 8 1  8 ( 1 8 )  
1 1 9  8 ( 6 )  
1 8 2  8 ( 9 )  
1 8 1  2 ( 1 6 )
1 1 1  9 ( 1 8 )  
1 8 6  8 ( 1 1 )  
1 8 8  4 ( 9 )  
1 8 5  8 ( 2 2 )  
1 1 4  7 ( 1 5 )
6 2  4 ( 1 6 )  
1 1 8  1 ( 1 6 )  
1 1 9  5 ( 1 5 )  
1 1 8  5 ( 1 6 )  
1 1 3  Sr 14 >
1 1 2  8 ( 1 6 > 
6 ( 1 4 )
5 8  6 ( 1 3 )  
9 8  1 ( 1 7 )  
5 1  2 ( 1 1 )
5 9  9CI9> 
55 6 ( 1 2 )  
6 2  2 (  1 4 )
B ( 1 ) - B ( 3 ) - B ( 7 )  
B ( 4  > - B (  3  ) - B (  7 )  
B ( 2 ) - B r 3 ) - B r 8 >  
B (  7  ) - B (  3  ) - B (  8  )  
R u ( 9 ) - B ( 4 ) - B ( 3 )  
R u ( 9 ) - B ( 4 ) - B ( 8 )  
B ( 3 ) - B ( 4 ) - B ( 8 )  
B r 1 ) - B ( 4 ) ~ B r  1 8 )  
B (  8 > - B ( 4 ) - B (  1 8  )  
Br l  - B ( 5 ) - C ( 6 )  
B ( 2 ) - C ( 6 ) - B ( 5 )  
B ( 5 ) - C ( 6 ) - B ( 7 )  
P ( 3 ) - B ( 7 ) - B ( 3 )  
P ( 3 ) - B ( 7 ) ~ C ( 6 )  
B (  3  > - B (  7 ) - C (  6  )  
B ( 2 ) - B r 7 ) - B ( 8 )
9 9  3 ( 1 6 )  
1 1 8  3 ( 1 5 )  
1 1 6 . 8 ( 1 5 )  
6 4 . 1 ( 1 4 )  
T 2 1  ? C l t >  
6 7  3 ( 8 )  
5 8 . 9 ( 1 2 )  
5 7 .  1 ( 1 2 )  
1 8 4  8 ( 1 3 )  
1 8 2 . 0 ( 1 7 )  
7 1 . 2 ( 1 3 )  
1 1 8 . 2 ( 1 9 )  
1 2 4 . 1 ( 1 3 )  
1 1 8  6 ( 1 9 )  
1 8 8 . 7 ( 1 6 )  
1 1 2  6 ( 1 8 )
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Table 36 continued
B < 3  ) - B <  7  ) - B <  8  )
R u« f  / - B -  $  - B ( 3 >
B < 3  - B (  $  4 >
B (  3 > - B ( 8  > - B < 7 )
R uk 9  - B <  it’ - B (  1 >
B ( 1  > - B <  1 8  > - B (  4 )
P < 1  > - € < 1 1 1  > - C ( U 6 )  
c a n  >-c< i i 2 > - c < n 3 >  
<■'* 1 ! 1 K ( I 1 4 K < I ! 5 )  
C< 1 1 1  > - € <  1 1 6 ) - C < 1 1 5 )  
P<  1 > - € ( 1 2 1  > - C <  1 2 6  )
C (  1 2 1  > - C < 1 2 2 ) - C i  1 2 3  > 
C< 1 2 3 ) - C (  1 2 4 ) - C <  1 2 5  > 
C< 1 2 1  ) - C <  1 2 6  > - C <  1 2 5 )  
P < 1  > - C <  131 ) - C ( l 3 6  >
Ci  1 3 1  ) - € <  1 3 2  ) - € (  1 3 3  > 
C< 1 3 3  ) - C (  1 3 4  ) - C < 1 3 5 >  
C< 1 3 1  ) - C <  1 3 6  > - € (  1 3 5 )  
P <  2  > - € < 2 1 1  ) - C < 2 1 6 )  
€ < 2 1 1  > - € <  2 1 2  > - C < 2 1 3  )  
C< 2 1 3  > - € < 2 1 4  > - € < 2 1 5 )  
€ < 2 1 1  > - € < 2 l 6 ) - C ( 2 1 5 )  
P <  2  > - € <  2 2 1  > - C < 2 2 6  )  
€ < 2 2 1  > - C < 2 2 2 ) - C < 2 2 3 )  
€ <  2 2 3  > - C <  2 2 4  > - C <  2 2 5 )  
C < 2 2 1  > - € <  2 2 6  > - € (  2 2 5  )  
P<  2  > - € ( 2 3 1  > - C < 2 3 6 )  
€ < 2 3 1  > - € < 2 3 2 > - C < 2 3 3 >  
€ < 2 3 3  ) - C <  2 3 4  ) - C (  2 3 5  > 
€ < 2 3 1  > - C < 2 3 6 > - € < 2 3 5 >  
P < 3  > - € < 3 1 1  > - € < 3 1 6  > 
C < 3 1 1 >-C< 5I2>-C< 313> 
C < 3 1 3 > - C < 3 1 4 > - C < 3 1 5 >  
€ < 3 1 1  > - C ( 3 1 6 > - € < 3 1 5 >  
P <  3  > - € <  3 2 1  > - € < 3 2 5 )
€< 3 2 1  > - € (  3 22  > -C k 3 2 3  )  
€<  3 2 3  > - € <  3 2 4  > - C i  3 2 6 )  
C< 3 2 4  > - € (  3 2 6  ) - C k 3 2 5  )  
P <  3  ) - € <  3 3 1  - C i  3 3 6  >
C i  3 3 1  — C i  3 3 2  ) - € <  3 3 3  )  
C < 3 3 3 > - € < 3 3 4 > - € < 3 3 5 > 
C< 3 3 1  > - € (  3 3 6 ) - C i  3 3 5  )
5 8  4 < 1 5 >
1 2 1  7< 1 3 )  
6 1 8 ( 1 3 )  
5 7  4 i  14 >
1 1 9  8 < 1 2 )  
61 2<  1 2  1 
1 1 9  2 < 2 8  > 
1 1 3  3< 2 8  > 
1 2 4  3 < 4 4 ) 
i 1 8  5 < 3 4 >  
1 1 8  9 < 1 2 )  
1 1 8  4 < 2 9 )  
1 2 6  K 2 5  >
1 2 3  3 ( 1 7 )
1 2 2  1 < 2 8 )  
1 1 9 . 5 < 1 6 )  
1 1 7  K 2 5 )
1 2 1  3<  2 3  >
1 2 2  1 ( 1 7 )  
1 1 6  4 < 1 9 >  
1 2 8  2 < 2 5 )  
1 2 1  5< 2 8  )  
1 2 8  7< 1 4 )  
1 2 1  8 < 2 3 )  
1 1 9 . 5 ( 2 1 )  
1 2 2 . 2 ( 1 9 )  
1 2 1  2 < 1 9 )  
1 2 6 . 7 < 2 7 )  
1 2 4 . 5 < 2 1 )  
1 2 4 . 8 < 2 6 )  
1 2 3 . 2 ( 2 8 )
1 2 4  3 ( 2 8 )
1 2 3  2 ( 3 4 )  
1 2 6 . 3 ( 2 8 )  
1 2 1 . 4 ( 1 5 )  
1 2 4 . 6 ( 2 4 )
1 2 8  4<  1 8 )  
1 2 3  7< 2 8  )  
1 2 1 8 ( 1 7 )  
1 2 3  5 ( 1 9 )  
1 2 8  2 ( 2 3 )  
1 2 2  8 ( 2 8 )
C <  6 ) - B <  7 ) - B < 8 )
R u ( 9  — B i  8  > - B (  4 > 
R u < 9 ) - B ( 8 ) - B < 7 )
B <  4 > - B (  8  ) - B <  7  )
R u ( 9  ) - B < 1 8 ) - B < 4 )
P < 1 ) - € < 1 1 1 ) - € < 1 1 2 )
C <  U 2 ) - C <  11 1 ) - € <  1 1 6 )  
C <  1 1 2  > - C (  U 3 ) - C <  1 1 4 )  
C <  114)-C (U 5)-C ( 1 1 6  )  
P ( 1  > - € < 1 2 1  ) - € <  1 2 2 >
€ (  1 2 2  > - € (  121  ) - € <  1 2 6  > 
C < 1 2 2  > - € < 1 2 3  > - € < 1 2 4  )  
C < 1 2 4  ) - € <  1 2 5  > - € <  1 2 6  > 
P < 1  > - € < 1 3 1  ) - C <  1 3 2 )
C < 1 3 2  ) - C <  1 3 1  ) - C (  1 3 6 )  
C (  1 3 2  ) - € (  1 3 3  ) - € (  1 3 4 )  
C < 1 3 4  ) - € <  1 3 5  ) - C (  1 3 6 )  
P <  2  ) - C < 2 l  1 ) - C <  2 1 2 )
C < 2 1 2  ) - € <  2 1 1  ) - € <  2 1 6 )  
C < 2 1 2 ) - C < 2 1 3 ) - C ( 2 1 4 ) .  
C i  2 1 4  ) - C < 2 1 5 ) - € <  2 1 6  )  
P <  2 ) - C <  2 2 1 ) - C < 2 2 2 )  
C < 2 2 2 ) - C ( 2 2 1 ) - C < 2 2 6 )  
C < 2 2 2 ) - C < 2 2 3 ) - € < 2 2 4 )  
C ( 2 2 4 ) - C < 2 2 5 ) - € ( 2 2 6 )  
P <  2  ) - € <  2 3 1  ) - C <  2 3 2 )  
C ( 2 3 2 ) - C < 2 3 1  ) - € <  2 3 6  )  
€ < 2 3 2  > - € <  2 3 3  ) - € <  2 3 4  > 
C < 2 3 4 ) - € ( 2 3 5 ) - € < 2 3 6 >  
P <  3 ) - C ( 3 U  ) - C < 3 1 2 )
C< 3 1 2  ) - C <  3 1 1  > - € ( 3 1 6 )  
C ( 3 1 2 ) - € ( 3 1 3 ) - € ( 3 1 4  > 
C ( 3 1 4 ) - C < 3 1 5 ) - C ( 3 1 6 )  
P ( 3 > - € < 3 2 1 ) - C < 3 2 2 )
C i  3 2 2 ) - C ( J H  - € •  3 2 5 )  
C < 3 2 2 > - C ( 3 2 3 ) - € ( 3 2 4 > 
C < 3 2 1  > - € <  3 2 5  > - € <  3 2 6  > 
P (  3  > - € < 3 3 1  ) - € <  3 3 2  )
C < 3 3 2 ) - C < 3 3 1 ) - C ( 3 3 6 )
C i  3 3 2  > - € (  3 3 3  ) - C <  3 3 4  )  
C i  3 3 4  > - € (  3 3 5  ) - € <  3 3 6  >
1 1 7  3 ( 1 9 )  
6 5  8 < 9 )  
1 2 1  7 ( 1 2 )  
1 8 5  8 ( 1 6 )  
6 4  7< 9 )  
1 1 9  7 ( 2 1 )  
1 2 1  1 ( 2 5 )
1 1 6  7 ( 3 8 )  
1 2 5  5 ( 4 8 )
1 1 7  1 ( 1 5 )  
1 2 3  7<  1 9 )
1 1 3  4 ( 1 3 )
1 1 4  9 < 2 3 )  
1 1 7  5 ( 1 2 )  
1 2 8  4 < 2 2 )  
1 2 8  4 ( 2 5 )  
121  1 ( 1 7 )  
1 1 7  8 ( 1 5 )  
1 1 9  9 ( 2 2 )  
1 2 3  5 ( 2 4 )  
1 1 8 .  3 < 2 8 )  
1 2 1  6 ( 1 7 )
1 1 7  5 ( 1 8 )  
1 1 9  7 ( 2 2 )  
1 2 8  1 ( 2 3 )  
1 2 4 . 4 ( 1 5 )  
1 1 4  3<  1 8 )  
1 1 9  3(33) 
1 1 1  2 ( 2 2 )  
1 2 3 .  5 ( 1 5 )  
1 1 3 . 2 ( 2 5 )
1 1 8  7 ( 3 8 )  
1 1 4  1 ( 2 7 )  
1 2 1 . 3 ( 1 9 )  
1 1 7  3 ( 1 6 )
1 1 6  3 ( 2 2 )  
1 1 7 .  7 ( 2 4 )  
1 2 8 . 9 ( 1 5 )
1 1 7  3 ( 2 1  )
1 1 8  2 ( 2 2 )  
1 1 8  3 ( 2 8 )
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Tfrble 37. F ina l fra c tion a l coordinates (x  10 *),
w ith  standard d evia tions in  parenthesis, fa r  
[9 .9 .9 -(Q 3 )(PPh 3 )2 -n ido-9.6-RiKS0HQ-3 -a -5 -(PPh 3)1 (4 ) .
X V z U
R u ( 9 ) 1 6 7 1 ( 1 ) 2 8 1 9 ( 1 ) 2 6 9 8 ( 1 ) 4 8 ( 1 ) $
P <  1 > 1 6 1 9 ( 4 ) 3 8 7 2 ( 5 ) 2 9 2 8 ( 2 ) 5 4 ( 3 ) *
P ( 2 ) 4 9 1 ( 4 ) 2 2 9 2 ( 4 ) 2 4 5 7 ( 2 ) 4 6 ( 3 ) *
P< J> 1 1 6 8 ( 5 ) - 3 2 ( 5 ) 1 1 7 4 ( 2 ) 3 5 ( 3 ) *
C K i  > - 9 6 1 ( 3 ) - 2 4 7 8 ( 5 ) 2 8 2 2 ( 3 ) 7 3 ( 3 ) *
C l < 11 > 1 1 9 7 ( 1 6 ) 3 4 7 6 ( 1 2 ) 9 7 1 3 ( 8 ) 1 5 5 ( 1 8 ) *
C l ( 1 2 ) 1 1 4 ( 1 1 ) 4 4 4 7 ( 1 7 ) 9 8 5 8 ( 8 ) 1 5 8 ( 1 1 ) *
C < 1 0 > i l $ 6 \  J4 > 4 8 9 1 ( 3 2 ) 8 9 4 3 ( 1 7 > 6 2 ( 11 )
C k 1 > 1 1 2 2 ( 2 8 ) 2 6 1 4 ( 1 8 ) 2 1 8 1 ( 1 8 ) 6 1 ( 1 3 ) *
Ok 1 • 6 9 1 ( 1 3 ) 2 8 7 2 ( 1 4 ) 1 6 7 7 ( 7 ) 8 8 ( 1 1 ) *
B< 1 ) 5 1 B ( 2 B ) - 1 1 1 2 ( 1 8 ) 2 6 1 4 ( 1 8 ) 5 1 ( 1 2 ) *
B< 2  > 1 5 5 1 ( 2 1 ) - 1 4 2 9 ( 2 2 ) 2 2 5 5 (  11 ) 6 2 ( 1 4 ) *
P k 3 ) 7 1 9 ( 2 8 ) - 8 2 9 ( 2 2 ) I 8 2 8 ( 1 1 ) 6 3 ( 1 4 ) *
B < 4  ) 2 6 6 ( 1 6 ) 6 7 ( 1 7 ) 2 2 1 5 ( 8 ) 4 8 (  8  ) *
B ( 5 ) 1 9 7 5 ( 1 9 ) - 6 8 8 ( 2 8 ) 2 8 6 8 ( 1 1 ) 6 8 ( 1 3 ) *
C ( 6 ) 2 8 9 9 ( 1 7 ) - 1 9 5 ( 1 6 ) 2 5 5 8 ( 9 ) 5 8 k 11 ) *
B< 7  ) 2 4 1 1 ( 2 2 ) - 9 9 ( 2 1 ) 1 8 8 8 ( 1 8 ) 6 8 ( 1 4 ) *
f t  ¿5 > 1 5 7 8 ( 1 9 ) 7 8 4 ( 1 9 ) 1 8 4 2 ( 1 8 ) 4 8 ( 6 )
B< 1 8 ) 1 8 1 2 ( 1 9 ) 2 2 7 ( 1 8 ) 2 1 2 8 ( 9 ) 4 6 ( 5 )
C< i n  > 1 7 2 6 ( 1 6 ) 5 1 5 8 ( 1 7 ) 3 4 1 2 ( 1 2 ) 8 3 ( 1 2 ) *
C < 1 1 2 > 4 8 7 8 ( 1 9 ) 5 3 3 1 ( 2 2 ) 4 8 7 7 ( 1 2 ) 1 2 8 ( 1 6 ) *
c a n ) 4 8 5 5 ( 2 1 ) 6 3 1 6 (  3 4 ) 4 3 9 8 ( 1 6 ) 1 9 5 ( 2 4  ) *
c a i 4 ) 3 6 4 5 ( 2 4 ) 6 9 7 9 ( 2 5 ) 4 8 8 6 ( 2 7 ) 3 2 3 ( 4 8 ) *
C ( 1 1 5  > 3 4 9 K  3 6  ) 6 8 4 1 ( 2 6 ) 3 5 1 7 ( 2 9 ) 3 3 4 ( 4 2 ) *
C < 1 1 6 ) 3 4 6 4 ( 2 1  ) 59 8 9 ( 19 ) 3 1 3 7 ( 1 3 ) 1 1 8 ( 1 6 ) *
c a n  > 4 3 7 8 ( 1 4 ) 4 5 7 8 ( 1 6 ) 2 2 8 2 ( 1 8 ) 6 8 ( 8 ) *
c a n ) 5 2 8 8 ( 1 9 ) 56 8 2 ( 2 1 ) 2 2 9 8 ( 1 1 ) 8 9 ( 1 4 ) *
C (  1 2 3 ) 6 8 9 2 ( 2 8 ) 6 1 7 7 ( 2 5 ) 1 7 6 8 ( 1 3 ) 1 2 3 ( 1 8 ) *
C< 1 2 4  ) 5 5 1 1 ( 2 4 ) 5482(25) 1 1 8 3 ( 1 2 ) 1 1 8 ( 2 1  ) *
C< 125 • 4 5 0 4 ( 2 1 ) 4 3 1 8 ( 2 1 ) 1 1 8 6 ( 1 3 ) 181 k 1 5 ) *
C< 125 • 2 9 5 1 ( 1 8 ) 3 9 2 8 (  1 8 ) 1656(9) 6 7 (  1 2  ) *
I l l  • 4 9 4 5 k 1 7 ) 3 7 7 2 ( 1 9 ) 3336k8 ) 5 8 ( 1 2 ) *
C< 132 > 4 7 5 9 ( 1 8 ) 2 6 1 3 ( 2 8 ) 3368(18 ) 7 8 ( 1 3 ) *
C k 1 3 3 ) 5 7 4 4 ( 2 8 ) 2 4 9 7 ( 2 8 ) 3 6 1 4 ( 1 2 ) 9 9 ( 1 5 ) *
C< 13 4  ) 6 9 4 6 ( 1 9 ) 3 5 6 5 ( 2 2 ) 3 8 7 1 ( 1 2 ) 1 8 1 k 1 5 ) *
c a n ) 7 8 5 7 ( 2 8 ) 4 6 7 8 ( 2 8 ) 3 8 4 2 ( 11 ) 9 4 ( 1 4 ) *
C< 1 1 6 ) 6 8 4 7 k 1 6 ) 4 7 6 6 ( 1 8 ) 3 3 8 4 ( 1 8 ) 7 4 (  11 ) *
C < 2 1 1  ) 4 8 5 ( 1 6 ) 3 7 3 5 ( 1 6 ) 3 5 5 4 ( 8 ) 51(18)*
c < n * > 2 5 7 ( 1 9 ) 4 1 5 8 ( 1 9 ) 3 8 1 8 ( 9 ) 7 6 ( 1 4 ) *
C< 2 1 1 ) 2 8 7 ( 2 1 ) 5 2 4 4 ( 1 8 ) 3 1 1 1 ( 1 1 ) 8 4 ( 1 5 ) *
C< 2 1 4  ) 2 4 9 ( 1 8 ) 5 8 1 2 ( 1 7 ) 3 6 6 4 ( 1 3 ) 8 1 ( 1 3 ) *
C < 2 1 3 ) 5 8 4 ( 1 9 ) 5 4 1 6 ( 1 8 ) 4 1 8 9 ( 1 8 ) 7 8 ( 1 3 ) *
C k 2 1 6  > 6 1 2 ( 1 6 ) 4 3 1 2 ( 1 6 ) 4 1 2 1 ( 9 ) 68(  11 ) *
C < 2 2 1  > 8 3 6 ( 1 6 ) 2 1 2 8 ( 1 5 ) 4 2 5 9 ( 8 ) 5 4 ( 1 8 ) *
C < 2 2 2 ) 2 ( 2 8 ) 1 8 8 4 ( 1 8 > 4 6 8 5 ( 1 8 ) 7 4 ( 1 3 ) *
C< 2 2 3  > 3 2 8 ( 2 2 ) 1 8 1 9 ( 2 8 ) 5 3 3 8 ( 1 1 ) 9 5 ( 1 6 ) *
1 5 8 9 ( 2 1 ) 2 8 4 9 ( 1 9 ) 5 5 3 2 ( 1 8 ) 8 7 ( 1 3 ) *
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Ifeble 37 continued
C < 2 2 5 ) 2 3 7 2 (2 1 ) 2 2 9 9 ( 1 9 ) 5 9 9 3 (1 9 ) 8 3 ( 1 3 ) *
Cv 2 2 b  > 2 0 5 e < 1 6 ) 2 3 3 1 (1 7 ) 4 4 7 8 (8 ) 5 9 ( 11 ) $
C (2 3 1  > - 1 1 7 4 (1 7 > 1 1 9 8 (1 6 ) 3 2 8 6 (8 ) 5 9 ( 10  ) *
C ( 2 3 2 > -2#J*J#> 1 3 6 8 (2 2 ) 2 9 1 5 (1 1 ) 1 8 4 (1 5 ) *
C < 2 3 3 > - 3 1 9 5 (2 2 > 6 0 7 ( 2 6 ) 2 7 6 3 (1 7 ) 1 9 7 (2 3 ) *
C (2 3 4  > - 3 6 9 3 ( 2 d ) - 4 5 8 ( 3 1 ) 2 9 5 9 (1 1 ) 1 4 1 (2 2 )4
C ( 2 3 5 > - 3 0 5 9 ( 2 9 ) - 8 3 8 (2 1  ) 3 3 2 9 (1 3 ) 9 9 ( 1 5 ) *
C (2 3 6 > - 1 6 5 9 ( 2 9 1 - "  1 5 9 ( 2 2 ) 3 4 7 2 C 1 3 ) 9 6 ( 1 6 ) *
C ( 3 t 1 > 3 3 2 2 (1 7 ) - 1 4 4 8 ( 1 7 ) 9 9 8 ( 7 ) 56 ( 11 ) *
C (3 1 2 ) 3 5 8 6 (2 2 ) - 2 8 1 0 ( 2 3 ) 1 4 4 2 (9 ) 100 ( 2 0 )4
C < 3 1 3 > 3 6 1 5 (2 6 ) - 3 9 3 2 (2 5 > 1313(11) 1 1 8 ( 2 2 ) *
C(314) 3 3 2 3 (2 5 ) - 3 5 4 7 ( 2 4 ) 7 3 6 (14 ) 1 1 7 (2 8 )4
C (3 1 5 ) 2 9 9 5 (2 8 ) - 3 1 1 9 ( 2 2 ) 2 5 1 ( 1 6 ) 1 2 6 (2 1  > *
C ( 3 1 6 ) 3 0 5 5 (2 2 ) - 2 0 1 5 ( 2 2 ) 4 2 3 ( 11 ) 1 0 1 (1 7 )4
C<321 ) 4 9 8 7 (1 7 ) 1 0 9 4 (1 8 ) 1 3 7 6 (8 ) 5 3 ( 11 )4
C <3 2 2 > 5 3 1 7 (1 8 ) 2 1 9 7 ( 1 9 ) 1 7 3 9 (1 9 ) 6 7 ( 1 2 )  *
C < 3 2 3  > 6 5 7 8 (2 0 ) 3 8 7 1 (2 1  ) 1 8 9 5 (1 9 ) 8 5 ( 14 ) *
C <324> 7 5 9 3 (1 9 ) 2 9 1 2 (2 1 ) 1 6 6 3 (1 1 ) 1 0 1 (1 4 )4
C <3 2 3 ) 6 0 2 9 (2 1 ) 9 5 9 ( 2 2 ) 1 1 4 3 (1 1 ) 8 3 ( 1 5 ) *
C < 3 2 6 > 7 1 8 5 (2 1  ) 1 8 3 1 (2 1 ) 1 3 0 5 (1 9 ) 8 6 ( 1 5 ) *
C<331 > 2 8 5 4 ( 1 9 ) 3 1 8 ( 1 8 ) 4 4 7 ( 8 ) 6 2 (1 2 )4
C< 33 2  > 1 5 7 2 k 1 8 ) - 3 5 9 (2 1  ) 1 8 6 (1 9 ) 8 6 ( 1 3 ) *
C< 3 3 3 ) 1 1 5 4 (2 2 ) - 1 5 8 (2 3 ) -357(9) 9 7 ( 1 7 ) 4
C <3 3 4 > 1 9 8 3 (2 5 ) 6 3 6 ( 2 4 ) -687(10) 1 1 8 (2 1  )4
C ( 3 3 5 > 3 3 8 5 (2 2 ) 1 3 9 7 (2 3 ) -423(1 1 ) 9 9 ( 1 8 )4
C< 3 3 6 > 3 6 5 8 (2 2 ) 1 1 8 8 (2 1  ) 1 3 5 (1 0 ) 8 6 ( 1 6 ) *
*  E v u i v a l e n i  i s o i r o r i c  U d e f i n e d e s  o n e  t h i r d o f  t h e
i r t c e o f i h *  o r i h o i o n * !  i s e d  U t e n s o r
U
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Table 38,x  Interatom ic d istances (pm ), w ith standard 
deviations in  parenthesis, fo r
[9,9,9-(CX))(PPh3 ) 2-nido-9,6-RuCB8H9-7-C l-5-(PPh3 ) ]  (5 ) .
R u ~ P ( 1 > 
R u - C ( 1 )  
R u - B ( S >
R u - H ( 0 8 1  >
P (  1 >-C< 1 1 1 )  
P ( l > - C < 1 3 1  )  
P ( 2  > - C ( 2 2 1  )  
? ( 3 ) - B ( 7 )
P< 3  ) - C (  3 2 1  > 
C l <  1 > - B < 5  > 
B n  ) - B ( 2 )
B (  1 ) - B (  4 > 
B n  > - s n e >
2 . 3 3 7 <  4  )
1 8 4 0 ( l 1 )
2  3 3 7 ( 1 5 )  
1 o d 3 < 9 0 )  
1 . 8 3 5 (  11 )  
1 . 8 3 4 ( 1 1 )  
1 8 3 1 ( 1 2 )  
1 9 2 1 ( 1 8 )  
1 8 0 1 ( 1 3 )  
1 . 7 9 8 ( 1 3 )  
1 , 7 5 3 ( 2 7 )  
1 7 9 4 ( 1 7 )  
1 . 7 5 0 ( 2 2 )  
1 7 6 1 ( 2 0 )  
1 6 7 5 ( 2 0 )
B ( 2 ) - H ( B 2 )  1
B ( 3 ) - B ( 7 )  1
B ( 3 ) - H ( 0 3 )  1
B (  4 ) - B (  1 0 )  1
B ( 5 ) - C ( 6 )  1
C (  6  ) - B (  7  )  l  
B ( 7 ) - B ( 8 )  1
B (  8  ) - H (  0 0 2  )  1
B < i d ) - H ( 9 0 1 )  1
C ( 1 1 1 ) - C < 1 1 6 )  1 
C ( U 3 ) - C (  1 1 4 )  1 
C (  1 1 5  ) - C (  1 1 6 )  1 
C < i H  ‘ - C (  1 2 6 )  1 
C (  1 2 3 ) - C (  1 2 4 )  1 
C< 1 2 5  > ~ C (  1 2 6  )  1 
C < 1 3 1  ) ~ C <  1 3 6 )  1 
C (  1 3 3 ) - C ( 1 3 4 )  1 
C (  1 3 5  ) - C (  1 3 6 '  1 
C < l i  l  ' - c ( 2 1 4 )  l  
C ( 2 1 3 ) - C ( 2 1 4  > 1 
C (  2 1 5  ) ~ C (  2 1 6  )  1 
C (  2 2 1  ) - C ( 2 2 6  > 1 
C ( 2 2 3 ) - C ( 2 2 4 )  1 
C ( 2 2 5 ) - C ( 2 2 6 )  1 
C ( 2 3 1 ) ~ C (  2 3 6  )  1 
C ( 2 3 3 ) - C ( 2 3 4 )  l  
C ( 2 3 5 ) - C ( 2 3 6 )  1 
C (  3 1 1  ) - C (  3 1 6 )  1 
C< 3 1 3  ) - C (  3 1 4  )  1 
C ( 3 1 5 ) ~ C ( 3 1 6 )  1 
C < 3 2 1 ) ~ C < 3 2 6 )  1 
C < 3 2 3 ) - C ( 3 2 4 )  1 
C ( 3 2 5 ) - C i 3 2 6 )  1 
C (  3 3 1  > - ¿ ( 3 3 6  )  1 
C ( 3 3 3 ) - C ( 3 3 4 )  1 
C < 3 3 5 ) - C ( 3 3 6 )  l
2 1 4 ( 1 1 7 )  
. 7 5 4 ( 2 7 )
1 4 4 ( 1 1 1 )  
. 8 2 1 ( 1 8 )
. 5 8 2 ^ 2 5 )  
5 5 6 ( 1 7 )  
8 7 2 ( 2 1 )
. 4 5 8 ( 1 2 8 )  
2 7 8 ( 1 3 1 )  
4 0 7 ( 2 0 )
. 3 9 7 ( 2 0  )  
. 3 5 6 ( 1 7 )  
3 6 1 ( 1 7 )  
3 4 3 ( 2 8 )  
3 7 2 ( 2 1 )
. 3 7 4 ( 1 3 )  
3 3 8 ( 2 2 )  
3 7 9 ( 1 3 )  
3 7 6 ( 1 6 )  
3 4 3 ( 2 2 )  
3 7 5 ( 2 1  )
. 3 8 5 ( 1 8 )  
3 4 5 ( 2 7 )  
3 7 2 ( 1 8 )  
3 7 8 ( 2 4 )  
3 8 3 ( 3 4 )  
3 4 7 ( 2 9 )
. 3 7 1 ( 2 2 )  
3 4 7 ( 2 9 )
. 3 8 5 ( 2 2 )  
3 9 5 ( 2 1  )  
3 6 3 ( 2 4 )  
3 6 1 ( 2 1 )  
3 7 9 ( 1 9 )  
3 8 2 ( 2 2 )  
4 1 3 ( 2 3 )
R u - P ( 2 )
R u - B ( 4 )
R u - B ( 1 0 )  
R u - H ( 0 8 2 )
P < 1 ) ~ C ( 1 2 1 )  
P ( 2 ) - C ( 2 U )
P ( 2 ) - C ( 2 3 1 )
P (  3 ) - C (  3 1 1 )  '
P ( 3 ) - C ( 3 3 1 )
C <  1 ) - 0 <  1 )
B ( 1 ) - B ( 3 )
B (  1 ) - B (  5 )
B ( 1 ) - H ( 81 )  
B ( 2 ) - B ( 5 )  
8 ( 2 ) - B (  7 )
B ( 3 ) - B ( 4 )
B ( 3 ) - B ( 8  )
B ( 4 ) - B ( 8 )
B (  4 ) - H(  0 4  )
B (  5 ) - B (  1 0 )
C ( 6 ) ~ H ( 0 6  )
B (  8  ) ~ H (  0 8 )
B ( 1 8 ) ~ H ( 8 1 0 )  
C (  11 1 ) - C (  1 1 2 )  
C (  U 2 ) - C <  1 1 3 )  
C ( U 4 ) ~ C ( U 5 )  
C (  12 1  ) ~ C (  1 2 2 )  
C (  1 2 2 ) - C (  1 2 3 )  
C ( 1 2 4 ) - C ( 1 2 5 )  
C (  13 1  ) ~ C (  1 3 2 )  
C ( 1 3 2 ) - C ( 1 3 3 )  
C ( 1 3 4 ) - C ( 1 3 5 )  
C (  2 1 1  > - C < 2 1 2 >
2  3 9 8 ( 4 )
2 . 2 8 7 ( 1 3 )
2 . 2 3 8 ( 1 2 )
1 5 3 4 ( 1 4 0 )  
1 8 3 2 ( 1 4 )  
1 . 8 5 5 ( 1 2 )
1 8 2 6 ( 1 5 )  
r :  8 8 9 ( 1 3 )  
1 . 8 0 1 ( 1 2 )
1 . 1 7 4 ( 1 4 )
1 8 2 1 ( 2 4 )
1 7 3 8 ( 2 4 )
1 8 7 8 ( 1 2 3 )
1 . 7 8 3 ( 2 1 )
1 . 8 1 0 ( 2 1 )
1 7 9 5 ( 2 5 )
1 7 9 4 ( 2 8 )  
1 . 8 2 5 ( 2 3 )
1 3 1 3 ( 1 2 9 )  
1 . 9 7 8 ( 2 3 )
8  7 5 8 ( 1 3 4 )  
1 . 1 4 3 ( 1 8 6 )  
1 1 0 1 ( 1 3 8 )  
1 3 9 2 ( 1 5 )
1 3 6 7 ( 1 7 )  
1 . 3 7 8 ( 1 5 )
1 3 9 6 ( 1 8 )  
1 . 3 7 8 ( 2 3 )  
3 9 1 ( 2 1 )  
3 9 6 ( 2 0 )  
3 6 2 ( 1 7 )  
3 8 0 ( 2 5 )
1 3 6 4 ( 2 8 )
C ( 2 1 2 ) - C ( 2 1 3 )  1 4 8 2 ( 2 1 )  
C ( 2 1 4 ) ~ C ( 2 1 5 )  1 3 9 9 ( 2 6 )  
C ( 2 2 1 ) - C ( 2 2 2 )  1 3 6 9 ( 2 1 )  
C ( 2 2 2 ) - C ( 2 2 3 )  1 3 8 8 ( 1 9 )  
C ( 2 2 4 ) - C ( 2 2 5 )  1 3 4 7 ( 2 9  > 
C < 2 3 1  ) - C ( 2 3 2  )  1 3 8 3 ( 1 5 )  
C ( 2 3 2 ) ~ C ( 2 3 3 )  1 . 3 9 8 ( 2 2 )  
C (  2 3 4  ) ~ C (  2 3 5  )  1 3 3 3 ( 2 5 )  
C <  3 1 1 ) - C ( 3 1 2 )  1 . 4 8 6 ( 1 7 )  
C (  3 1 2 ) ~ C (  3 1 3  )  1 3 9 6 ( 2 1 )  
C (  3 1 4  ) - C (  3 1 5 )  1 3 5 6 ( 2 1 )  
C ( 3 2 1 ) ~ C ( 3 2 2 )  1 3 7 4 ( 2 1 )  
C ( 3 2 2 ) - C ( 3 2 3 )  1 3 7 9 ( 2 9 )  
C (  3 2 4  ) ~ C (  3 2 5  )  1 3 7 8 ( 2 3 )  
C (  3 3 1  ) ~ C (  3 3 2 )  1 3 8 5 (  1 9  )  
C (  3 3 2 ) ~ C (  3 3 3 )  1 3 5 4 ( 1 9 )  
C ( 3 3 4 > - C ( 3 3 5 )  1 3 5 6 ( 2 6 )
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Table 39,x  Interbond angles ( ° ) ,  with standard 
deviations in  parenthesis, fo r
I9,9,9-(OD)(PPh3)2-nids-9,6-RuCB8H9-7-Cl-5-(PI>h3)) (5 ).
P < 1 ) - R u - P ( 2 ) 9 9 . 6 ( 1 ) P ( 1 ) - R u - C ( 1 > 9 8 . 9 ( 5 )
P (  2 ) - R u - C (  1 ) 9 7  8 < 4 > P ( 1 ) - R u - B ( 4 ) 101 4 ( 5 )
P ( £  > - R u - B (  4  ) 1 5 8 . 0 ( 5 ) C< 1 ) - R u - B ( 4 ) 8 9  8 ( 5 )
P (  1 - R u - B <  8  ) 1 4 6  2 ( 4 ) P (  2  ) - R u - B (  8  ) 1 1 3  7 ( 4 )
C ( 1  ' • - R u - 6 ( S > 7 9 . 9 ( 5 ) B ( 4 ) - R u - B ( 8 ) 4 6 . 5 ( 6 )
P < 1 ) - R u - B ( 1 8 > 8 5 . 2 ( 5 ) P ( 2 ) - R u ~ B ( 1 8 ) 1 2 8  9 ( 4 )
C X I  ) - R \ j - 6 (  i €l > 1 3 3  9 ( 6 ) B ( 4 ) - R u - B ( 1 0 ) 4 7 . 5 ( 5 )
B* 8  ) - R u - B (  1 8  > 7 8  5 ( 5 ) P ( 1  ) - R u - H ( 8 0 1  ) 9 4  8 ( 4 9 )
P (  £  > - R u - H <  8 8  i  ) 9 4  9 ( 4 5 ) C ( 1 ) - R u - H ( 0 0 1 ) 1 6 5 . 8 ( 4 4 )
By' 4 ) - R u —H (  8 8 1  ) 7 7 .  1 ( 4 4  > B ( 8 ) - R u - H ( 8 0 1 ) 8 8 . 2 ( 4 6 )
By i e* ) - R u - n <  8 8 1  ) 3 4 . 3 ( 4 6 ) P (  1 ) - R u - H (  8 0 2 ) 1 6 6  9 ( 4 6 )
P (  2  ) - R u - H (  8 8 2  ) 81 2 ( 4 ? ) C ( i  ) - R u - H ( 8 6 2 ) 1 8 2  8 ( 3 7 )
SC 4  ) - R u - H (  6 8 2  ) 7 6  9 ( 4 7 ) B ( 8 ) - R u - H ( 0 8 2 ) 37.5(45)
B (  1 8  ) - R u - H <  8 8 2  ) 3 4 . 3 ( 4 1  ) hi( 081 ) - R u - H ( 8 0 2 ) 72.1(61)
R u - P (  1 >-C\ i i i . > 1 1 6 . 3 ( 5 ) R u - P ( 1 ) “ C ( 121  ) 1 1 4 . 7 ( 5 )
C C 1 U  ) - P ( l  ) - C \ 1 2 1 ) 181  5 ( 6 ) R u - P ( 1 ) - C ( 131  ) 1 1 6 . 5 ( 5 )
C < 1 1 1  > - P < 1 ) - € <  131  ) 1 6 2 . 5 ( 5 ) C (  12 1 ) - P ( l ) ~ C (  1 3 1  ) 1 8 3 . 2 ( 6 )
R u - P ( 2 ) ~ C ( £ 1 i  > 1 2 6 . 4 ( 5 ) R u - P (  2  ) - C (  2 2 1 ) 1 1 3  2 ( 5 )
C ( 2 U ) - r < 2  > - C <  2 2 1  > 1 0 4  8 ( 5 ) R u - P ( 2 ) - C ( 2 3 1  > 1 8 8 . 2 ( 4 )
C < 2 1 1 '— P (  £  ) - C K  £ 3 1  ) 9 9 . 7 ( 6 ) C (  2 2 1  ) - P (  2  ) - C (  2 3 1  ) 1 8 2 . 2 ( 7 )
SC r >-f C 3  > - C (  3 1 !  ) 111  3 ( 6 ) B (  7 ) - P ( 3 ) - C ( 3 2 1  ) 1 1 4 .  1 ( 7 )
C(IJ i '-r\ 5 >-C€  3 £  1 > 1 6 5 . 9 ( 6 ) 6 ( ? > - P ( 3 ) - C ( 3 3 1  ) 1 1 3  7 ( 6 )
CCSli - P ( 3 ) - C < 3 3 1  > 1 6 5 . 4 ( 6 ) € ( 3 2 1  ) - P (  3  ) - € (  3 3 1  ) 1 8 5  3 ( 6 )
R u - C ( 1 > - 0 < 1 > 1 7 3 . 8 ( 1 3 ) B ( 2 ) - B ( l ) - B ( 3 ) 5 9  0 ( 9 )
8 (  2  ) - S (  1 ) - B (  4  ) 1 1 3  7 ( 1 2 ) B (  3 ) ~ B (  1 ) - B ( 4 ) 5 9  5 ( 9 )
§<  £  - B y  1 - B -  5 > 61.4(18) B ( 3 ) - B (  1 ) - B ( 5 ) 1 8 3 . 9 ( 1 3 )
sc 4 >-sc i >-sc5> 1 1 4 . 1 ( 1 1 ) B < 2 ) - B ( 1 ) - B ( ¡ 8  > 12 1 . 9 ( 1 3 )
SC 5 >-BC i >-SC 1 *  > ¡ 0 9 .  7 ( 1 0 ) B (  4 ) ~ B (  1 ) - B (  1 0 ) 6 1 . 8 ( 8 )
8 < 5 ) - 0 < i  > - B <  1 8 ) 6 9  1 ( 1 0 ) B ( 2 ) - B (  1 ) - H ( 8 l  > 1 1 7 . 3 ( 6 7 )
sc 3  > - b < i  > - n < e i  > 1 3 7 . 2 ( 6 6 ) B ( 4 ) - B (  1 ) - H ( 8 1  > 1 2 3 .  7 ( 6 4  )
B < 5  >-SC 1 > - h <  8 1  > 1 1 0  0 ( 6 1  ) B (  10  ) - B (  1 ) - H (  8 1  ) 1 0 6  4 ( 7 0 )
S\ 1 * - B ( 2  ) - B (  3  > 6 2  4 ( 1 0 ) By 1 ) - B ( 2  ) - B (  5 > 5 8  9 ( 1 8 )
B (  3  — S < £  ) - B (  5  > 16 4  5 (  i 1 > S ( 1  ) - B (  2  ) - C (  6 ) 1 8 0  2 ( 1 1 )
B (  3  ) - B (  2  ) - £ <  6  > ¡ 8 2  1 < 1 0  ■ B ( 5 ) - B ( 2 ) - C ( 6 ) 5 1 . 4 ( 9 )
By 1 ) - B ( 2  ) - B (  7  > 1 8 2 .  4 ( 1 8 ) 8 (  3  ) - B (  2  ) - B (  7  ) 5 8 . 6 ( 9 )
B < 5 ) - 6 ( 2  > - B ( ? ) 9 2  8 ( 9 ) C (  6  ) - B (  2  ) mB (  7  ) 5 2  8 ( 7 )
s. i  --e«. 1 H d  • ¡ 2 6  ¡ ( 6 9  ■ B ( 3 ) - B ( 2  ) - H ( 8 2  ) 1 1 8  1 ( 5 1 )
B ( 5 ) - B ( 2 > - h < 6 2 > 1 3 3 . 6 ( 5 3 ) C ( 6 ) - B ( 2 ) - H ( 8 2  ) 1 2 8 . 2 ( 6 4 )
B (  7  ) - 6 (  2  ) - H <  8 2  ) 1 2 4  ¡ ( 6 4 ) B (  1 ) - B ( 3 ) ~ B ( 2  > 5 8 . 6 ( 9 )
B (  1 ) - B <  3  ) - B (  4 ) 5 9 . 5 ( 9 ) B (  2  ) - B (  3  ) - B ( 4 ) 1 1 3  2 ( 1 1 )
By 1 >-B <  3  ) - B (  7  > 1 0 1 . 9 ( 1 8 ) 8( 2  ) - B (  3  ) - B (  7  ) 6 2 . 8 ( 9 )
B ( 4 > - B y  3 '• -By 7  > 111  0 ( 1 1 ) B (  1 ) - B (  3  ) - B (  8  ) 1 8 5  5 ( 1 1 )
B < 2  > - B <  3 ) - B ( 8  ) 1 1 6  5 ( 1 1  > B (  4 ) - B (  3  ) - B (  8  ) 6 1 . 1 ( 9 )
B (  7  ) - B (  3  ) - B (  9  > 6 3  7 ( 9 ) B (  1 ) - B ( 3 ) - H (  8 3  ) 1 2 1 . 4 ( 7 1 )
B < 2  > - B <  3 > - H <  0 3  > 1 2 7  2 ( 5 8 ) B (  4 ) - B (  3  ) - H (  8 3  > 1 0 4 . 6 ( 7 3 )
B< 7 ) ~ B (  3  ) - H (  8 3  ) 1 3 3 . 8 ( 7 8 ) B ( 8 ) - B ( 3 ) - H ( 0 3 ) 1 1 3 . 6 ( 5 2 )
R u - B ( 4 ) - B (  1 ) 1 1 7  9 ( 8 ) R u ~ B ( 4 ) - B ( 3 ) 1 2 2 . 9 ( 1 1  >
B < 1 ) - B (  4  ) - B < 3 > 6 1 . 0 ( 9 ) R u - B ( 4 ) - B ( 8 ) 6 8 . 2 ( 6 )
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Table 39 continued
B < 1 > - B <  4  >-•< 8  )
R u - B ( 4 ) - B ( 1 8  )
B < 3  ) - B <  4  > - 8 ( 1 8 )
R u - B (  4  ) - H (  8 4  )
B< 3  ) - B (  4  ) - H (  8 4  )
B (  1 8  ) - B (  4 ) - H i 9 4 >
C l (  1 ) - B ( 3 ) - B ( 2 )
C l (  1 ) - B (  3  ) - C <  6 )
B< 2  ) - B (  5  ) • € <  6  )
By l  ) - B (  5  ) - B (  1 9 )
C (  6  ) - B (  3  ) - B (  1 8 )
B (  2  ) ~ C (  e ) - B (  7  >
B ( 2 ) - C (  6  ) ~ H (  8 6 )
B (  7  ) - C <  6  ) - H (  9 6  )
Py 3  ) - B (  ?  ) - B \  3  )
P (  3  ) - B (  7  >«Ci e> >
B ( 3 ) - B <  7 ) - C ( 6 )
B ( 2  ) - B (  7 ) - B ( 8 >
C (  6  ) - B (  7  ) - B (  8  )
R u - B ( 8 ) - B ( 4 )
R u - B (  8  ) - B (  7  )  
8 ( 4 ) - 8 ( S ) - B ( 7 )
By 3  ) - B <  8  ) - H (  8 3  )
B (  7  — B < 8  > - H k 9 8  >
B< 3  ) - B y  8  ) - H (  9 8 2  >
By 7  ) - B (  8  > - H <  8 8 2  > 
R u - B <  1 8  '~ B <  1 >
B< 1 ) ~ B (  1 8  ) - B (  4 )
B (  1 ) - B (  1 8  ) - B (  5 )
R u - B y  1 9 ) - h ( 0 1 8 )
By 4  > - 6 (  1 9  > - H (  0 1 9 )  
R u - B y  1 8  > - H < 8 0 1  )
By 4 ) - B ( 1 0  > - H ( 8 0 1  > 
H ( 0 1 8 ) - B (  1 0 ) - H ( 8 0 1  )  
R u - H < 9 8 2  ) - B ( 8 )  
P ( l ) - C <  1 1 1  ) - C <  1 1 6 )
Cy 1 1 1  ) - C (  U 2 ) - C (  1 1 3 )  
C< 1 1 3 ) - C <  1 1 4 ) - C <  1 1 5 )  
C ( l l l  > - C (  1 1 6 ) - C <  1 1 5 )  
P y l  ) - C <  1 2 1  ) - C <  1 2 6 )
C < 1 2 1  ) - C y  1 2 2  >- C y 1 2 3 )  
C< 1 2 3  ) - C \  1 2 4  ) - C (  1 2 5 )  
C< 1 2 1  ) - C <  1 2 6  >-C< 1 2 5 )  
P ( l ) - C (  1 3 1  - C (  ¡ 3 6 )
C< 1 3 1  ) - C (  1 3 2 ) - C ( 1 3 J )  
C i  1 3 3  - C y  1 3 4 ) - C (  1 3 3  > 
C i  131  ) - C ( 1 3 6 ) - C ( 1 3 5 )  
P < 2 ) - C < 2 1 1  ) - C <  2 1 6 )  
C ( 2 1 1 > - C < 2 1 2  ) - C < 2 1 3 )  
C < 2 í 3 ) - C ( 2 l 4 ) - C ( 2 l 5 )  
C ( 2 1 1  ) - C ( 2 1 6 ) “ C ( 2 1 5 )  
P <  2  ) - C <  2 2 1  ) - C (  2 2 6  >
1 8 5  3 ( 1 1 )  
6 4  6 ( 6 )  
i  9 7 .  7 ( 1 8 )  
1 1 2  9 ( 5 5 )  
1 1 6  9 ( 6 8 )  
1 2 1 . 8 ( 5 6 )  
1 2 7 . 3 ( 9 )  
1 2 2  8 ( 1 2 )  
6 9  6 ( 1 8 )  
5 5 .  7 ( 9 )  
1 1 7 . 3 ( 9 )  
6 8 . 1 ( 9 )  
1 1 2  1 ( 9 1  )
1 1 5  8 ( 9 4 )  
12 1 3 ( 9 )  
1 1 9  4 ( 1 2 )  
1 8 7  6 ( 1 2 )  
1 1 8  4 ( 1 2 )  
1 1 6 . 2 ( 1 2 )
6 5 . 3 ( 6 )  
1 2 2 . 8 ( 7 )  
1 8 4 . 6 ( 9 )  
1 1 1  8 ( 6 1 )  
1 1 1  7 ( 6 7 )  
1 2 6  8 ( 4 8 )  
9 1 . 8 ( 4 5 )
1 2 3  8 ( 9 )  
6 8  3 ( 7 )  
5 5  2 ( 8 >
1 2 4  5 ( 5 6 )  
1 2 8  4 ( 6 4 )
4 4  9 ( 4 3 )  
1 6 5  1 ( 4 9 )
1 1 6  2 ( 8 5 )  
l  ¿ 2  7 (  7 9  )  
1 2 1  6 ( 8 )  
1 2 1  6 ( 1 3 )
1 1 8  9 ( 1 1 )  
1 2 8  5 ( 1 1 )  
1 2 1 . 9 ( 1 8 )  
1 2 1 . 2 ( 1 1 )
1 1 9  2 ( 1 6 )
1 2 4  3 ( 1 3 )  
1 2 0 . 3 ( 1 8 )  
1 2 1  4 ( 1 3 )  
1 2 8  8 ( 1 3 )  
1 2 1  7 ( 1 4 )  
1 2 1  2 ( 1 8>  
1 1 9  9 ( 1 2 )  
1 1 6  2 ( 1 6 )  
¡ 2 1  6 ( 1 3 )
1 2 5  9 ( 1 8 )
6 (  3  ) - B (  4  ) - B <  8  >
B (  1 ) - B ( 4 ) - B (  1 9 )  
By 8  ) - B (  4  ) - B (  1 0  )  
B (  1 ) - B (  4  ) - H y  8 4 )  
B y 8 ) - B ( 4 ) - H ( 8 4 )  
C K  1 ) - B ( 5 ) - B (  l  )  
B (  1 ) - B ( 5 ) - B ( 2 )
B (  1 > - B ( 5 ) - C ( 6 >  
C K  1 ) - B ( 5 ) - B (  1 8 )  
B ( 2 ) - B ( 5 ) - B (  1 0 )  
B y 2 ) - C y 6 ) - B ( 5 >  
B y 5 ) - C ( 6 ) - B < 7 )
5 9  4 ( 9 )  
5 7  9 ( 8 )  
1 0 5  8 ( 1 8 )
1 1 5  7 ( 4 6 )  
1 2 9 . 0 ( 4 7 )  
1 2 4  3 ( 1 2 )
5 9  7 ( 1 0 )  
1 8 8 . 4 ( 1 1 )  
1 1 1 . 7 ( 1 8 )  
1 0 8  9 ( 1 0 )
68 0 i l 8 )
1 1 6  6 ( 1 3 )
B ( 5 ) - C ( 6 ) - H ( 8 6 )  1 2 2  8 ( 9 8 )
P (  3  ) - B (  7  ) - B (  2  )  1 1 9  2 ( 9 ;
B ( 2 ) - B (  7 ) - B (  3  )  5 9  2 ( 9 )
B ( 2 ) - B ( 7 ) - C ( 6 >  5 9  1 ( 8 )
P ( 3 ) - B (  7 ) - B (  8 )  1 1 8 . 5 ( 8 )
B (  3 ) - B (  7 ) - B (  8 )  5 9 . 2 ( 9 )
R u - B ( 8 ) - B ( 3  > 1 2 8  2 ( 9 )
B (  3  ) ~ B (  8  ) - B (  4  )  5 9  4 ( 9 )
B (  3 ) - B ( 8  ) - B (  7 )  5 7 . 1 ( 9 )
R u - B ( 8 ) - H ( 0 8 )  1 1 8  5 ( 6 1 )
B (  4  ) - B (  8  ) - H (  8 8 )  1 2 6  6 (  7 2  )
R u - B ( 8 ) - H (  8 8 2  ) 3 9  8 ( 5 5 )
B (  4  ) - B (  8  ) - H (  9 0 2  )  * 9 5  7 ( 5 6 )
H ( 0 8 ) - B ( 8 ) - H ( 0 0 2 >  1 2 0  8 ( 7 3 )
R u - B (  1 0 ) - B ( 4  )  6 7  9 ( 5 )
R u - B i 1 0 ) - B ( 5 )  1 2 0 . 9 ( 1 8 )
B (  4  ) - B (  10 ) - B (  5  )  1 0 2  5 ( 1 9 )
B (  1 ) - B (  1 9 ) - H ( 8 1 8 )  1 9 6  9 ( 5 9 )
B ( 5 ) - B (  1 0 ) - H < 0 1 0 )  1 8 7  2 ( 6 1 )
B (  1 ) - B (  1 0  ) - H (  8 8 1  > 131  7 ( 6 2 )
B (  5  ) ~ B (  1 9 ) - H (  9 8 1  )  8 9  . 3 ( 3 3 )
R u - H ( 8 0 1  ) - B (  1 8 )  1 8 8  9 ( 7 3 )
Fy 1 ) - C (  111 ) - C (  1 1 2 )  1 2 0  8 ( 1 9 )
C (  1 1 2  ) “ C (  i l l  ) “ C< 1 1 6 )  1 1 7 . 6 ( 1 0 )  
C ( U 2 ) - C ( 1 1 3 ) - C ( 1 1 4 )  1 1 9  7 ( 1 1  )  
C ( 1 1 4 ) - C a i 5 ) - C ( U S )  1 2 1  3 ( 1 3 )  
P ( 1  )-C(121 )-C( 1 2 2 )  1 2 2  5 ( 9 )
C ( 1 2 2 ) - C ( 1 2 1  ) ~ C ( 1 2 6 )  1 1 5  6 ( 1 3 )  
C (  1 2 2  ) - C (  1 2 3  ) - C (  1 2 4 )  121  6 ( 1 4 )  
C(124)-C(125)-C(126) 1 1 8  1 ( 1 2 )  
P (  1 ) - C (  131  ) - C (  1 3 2  )  1 2 2  7 ( 9 )
C (  13 2  ) “ C (  131  ) - C (  136 > 116 7(18) 
C( 13 2  ) “ C (  1 3 3  ) mC (  1 3 4 )  ¡ 2 0  9 ( 1 5 )  
C (  1 3 4  ) - C (  1 3 5  ) - C (  1 3 6  )  ¡ 1 9  2 ( 1 4 )  
P ( 2 ) - C ( 2 1 1  ) - C ( 2 1 2 )  ¡ 2 8  2 ( 9 )
C ( 2 1 2 ) ~ C ( 2 U  ) - C ( 2 1 6 )  1 1 8  4 ( 1 1 )  
C ( 2 1 2 ) - C ( 2 1 3 ) - C ( 2 1 4 )  1 2 1  9 (16) 
C( 214 )-C( 215 ) - C (  2 1 6  )  1 1 9  9 ( 1 4 )  
P (  2  ) - C (  2 2 1  )~C( 222) 1 1 7 . 4 ( 1 9 )
C (  2 2 2  ) - C (  2 2 1  ) - C (  2 2 6  )  1 1 6  6 ( 1 2 )
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Table 39 continued
C i  2 2 1  > - € <  2 2 2  > - C (  2 2 3  > 
C (  2 2 3  ) - C <  2 2 4  >-C< 2 2 5  )
C < 2 2 1  ) - d  2 2 6  > - C <  2 2 5  )  
F i 2 ) - C ( 2 3 1  >“ Ck 2 3 6  >
C i  2 3 1  ) - C < 2 3 2  ) - C (  2 3 3  )  
C< 2 3 3  ) - C <  2 3 4  >-C< 2 3 5  > 
C < 2 3 1  > - C <  2 3 6 > - C < 2 3 5 )  
P i  3 ) - C <  3 1  Í  > - C ( 3 1 6 )
C< 3 1 1  > - C <  3 1 2  ) - C (  3 1 3  > 
C< 3 1 3 ) - C <  3 1 4  ) - C (  3 1 5  > 
C < 3 U  > - C *  3 1 6  > - C <  3 1 5  >Pi 3 -c- 321 -i\ 324>
C< 3 2 1  >-C< 3 2 2  > - C <  3 2 3  > 
C (  323:-C i  324 - C i  325 > 
C i  3 2 1  > - C i  3 2 6  ) - C <  3 2 5  >
P < 3 > - C < 3 3 1  > - C < 3 3 6  >
C i  3 3 1  ) - C <  3 3 2  > - C <  3 3 3  > 
C < 3 3 3  > - C i  3 3 4  ) - C (  3 3 5  > 
C < 3 3 1  > ~ C i  3 3 6  ) - C i  3 3 5  >
1 1 ?  3< 1 4 )  
1 2 6  6 ( 1 5 )  
1 2 3  3 (1 4 }  
122 7<9) 
1 2 6  9 i l 6 >  
1 1 9  9 < 2 2 >  
1 2 2 . 3<  1 3  >
1 2 2  5 < 8 )  
1 2 6  1 ( 1 5 >  
121  2 ( 1 7 >  
1 2 6  5 < 1 2 >  
1 1 5  3 < 1 6 >  
1 2 6  6 ( 1 5 )  
1 1 9  5 ( 1 3 )
1 2 3  6 ( 1 5 )  
1 2 1 . 2 ( 1 1 )  
1 2 1  3 ( 1 3 )  
1 2 6  1 ( 1 5 )  
1 1 9 . 3 ( 1 5 )
C ( 2 2 2 ) - C ( 2 2 3 ) - C i 2 2 4 )  1 2 2  3 ( 1 6 )  
C i  2 2 4  ) - C (  2 2 5  ) - C (  2 2 6  > 1 1 6 . 1 ( 1 6 )  
P < 2 ) ~ C ( 2 3 1  ) - C i  2 3 2  '• 1 2 6  2 ( 1 2 )
C (  2 3 2  ) - C (  2 3 1  ) - C (  2 3 6  )  1 1 6  9 ( 1 4  )  
C (  2 3 2  ) - C (  2 3 3  >-C< 2 3 4  )  1 1 8  6 (  1 4 )  
C (  2 3 4  ) - C (  2 3 5  ) - C (  2 3 6  > 121  3 ( 2 2 )  
P ( 3 ) - C ( 3 1 1 ) - C ( 3 1 2 )  1 1 9  3 ( 1 1 )
C< 3 1 2  ) - C (  3 1 1  ) - C (  3 1 6 )  1 1 8  2 ( 1 2 )  
C (  3 1 2  ) ~ C (  3 1 3  ) - C (  3 1 4  )  1 1 9  6 ( 1 4  > 
C (  3 1 4  ) - C (  3 1 5  > - C (  3 1 6 )  1 2 6  3 ( 1 8 )  
P ( 3 ) - C (  3 2 1  ) - C (  3 2 2  )  1 2 7 . 6 ( 1 1  )
C (  3 2 2  ) - C i  3 2 1  > ~ C (  3 2 6  > 1 1 7  6< 1 2 )  
C ( 3 2 2 ) - C ( 3 2 3 ) - C ( 3 2 4  > 1 2 1  6 ( 1 5 )  
C (  3 2 4  ) - C (  3 2 5  > - C (  3 2 6  > 1 1 8  8 ( 1 5 )  
P ( 3 ) - C (  3 3 1  ) ~ C (  3 3 2  )  1 1 9  7 ( 9 )
C i  3 3 2  ) - C (  3 3 1  ) - C (  3 3 6  > 1 1 9  8 ( 1 2 )  
C ( 3 3 2 ) - C ( 3 3 3 > - C (  3 3 4 >  1 2 8  1 ( 1 5 >  
C (  3 3 4  ) - C (  3 3 5  ) ~ C (  3 3 6  )  1 2 6  8 ( 1 6 )
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Tfcble 40. Final fra c t io n a l coordinates (x  10*)
with standard deviations in  parenthesis, fo r  
t9 .9 .9 -«X )) (PPh3 )2-n ido-9.6-RuCB0H:)-7-Cl-5-(PFh3) 1 (5 ) .
X V 2 U
K U 2 3 3 5 1 i > 6 5 6 9 ( 1 ) 6 2 8 3 i  1 > 2 5 1 i >4
P i l ) 3 7 6 ¡ < 2 > 5 8 9 1 ( 2 ) 5 7 1 4 i 1 ) 3 1 ( 1 ) 4
P < 2 > 2 8 8 8 ( 2  ) 5 6 3 8 ( 2 ) 6 6 5 5 ( 1 ) 3 1 ( 1 ) 4
P <  5 ) 3 1 1 ( 2 ) 8 7 7 2 ( 2 ) 6716(1) 3 4 1 1 ) 4
a < i > 2 4 3 ( 2 ) 7 9 6 8 14 > 4469(2) 8 2 ( 2 ) 4
C (  1 > 3 3 7 5 ( S ) 6 9 1 5 ( 9 ) 6838(6) 4 1 ( 6 ) 4
0 ( i > 4 6 B 2 ( 6 > 7 2 4 5 (  8  ) 7 2 1 9 ( 4 ) 7 6 ( 5 ) 4
B (  i > ¡ 7 7 7 ( 1 9 ) 9 3 5 2 ( 1 3 ) 5 2 3 8 i  7  ) 4 8 ( 7 ) 4
S (  2  ) 9 6 2 ( 1 9 ) 8 6 9 5 ( 1 8 ) 5 4 2 9 ( 7 ) 4 2 ( 7 ) 4
B (  3 ) 2 6 1 3 ( 1 1 ) 8 8 7 6 ( 1 2 ) 5 9 6 3 ( 7 ) 5 1 ( 8 ) 4
B ( 4 ) 2 7 6 4 ( 9 ) 3 9 8 0 ( 1 8 ) 5 8 5 9 ( 6 ) 3 2 ( 6 ) 4
B ( 5 > 9 7 $ ( i B ) 7 5 2 1 ( 1 1 ) 5 1 2 8 ( 6 ) 4 2 ( 7 ) 4
C ( 6 > 7 2 8 ( 6 ) 7 6 1 1 ( 9 ) 5 6 3 3 ( 5 ) 4 1 ( 6 ) 4
8 ( 7 ) . 1 3 3 6 ( 1 9 ) 8 2 1  S i  1 9 ) 6 1 8 3 ( 6 ) 4 1 ( 7 ) 4
B < B > 2 4 9 3 ( B ) 7 9 9 5 ( 1 6 ) 6 4 8 9 ( 5 ) 3 1 ( 6 ) 4sc i  e  > 2 1 5 9 ( 9 ) 7 1 5 4 ( 1 1 ) 5 3 1 5 ( 6 ) 3 4 ( 6 ) 4
Ci 111 > 4 6 6 4 i 7 ) 4 9 9 2 ( 9 ) 6 1 3 9 ( 5 ) 3 1 ( 5 ) 4
Ci 1 1 2  > 5 6 8 5 ( 7 )  ~ 5 8 8 2 ( 1 9 1 ~  ~ 6 7 4 6 (  57 “ 4 3 ( 6 ~ ) 4
Ci 1 1 3 ) 5 6 8 5 ( 8 ) 4 4 8 5 ( 1 9 ) 7 6 6 6 i  6  ) 4 8 ( 6 ) 4
Ci  1 1 4  • 5 8 6 9 ( 8 ) 3 6 3 9 ( 9 ) 6 7 6 8 ( 5 ) 4 3 ( 6 ) 4
c< :u »> 5 3 9 8 ( 8 ) 3 5 4 7 ( 1 1 ) 6 1 5 7 ( 5 ) 4 7 ( 6 ) 4
C ( 1 1 6 ) 4 7 8 3 ( 8 ) 4 1 9 9 ( 1 9 ) 5 8 4 9 ( 6 ) 4 9 ( 6 ) 4
C( 1 2 1  > 4 3 9 9 ( 7 ) 6 8 8 5 ( 9 ) 5 5 2 8 ( 5 ) 3 4 ( 5 ) 4
Ci 1 2 2  > 5 2 7 5 ( 8 ) 6 7 2 5 ( 9 ) 5 7 1 7 ( 6 ) 4 8 ( 7 ) 4
Ci 1 2 3  > 5 7 6 8 ( 9 ) ? 3 7 4 ( 1 1 ) 5 5 2 8 ( 7 ) 6 1 ( 8 ) 4
Ci ¡ 2 4  > 5 3 1 7 ( 1 6 ) 8 1 4 1 ( 1 1 ) 5 1 8 9 ( 7 ) 6 4 ( 8 ) 4
C i1 2 5 > 4 4 4  7 i i  • 8 2 5 9 ( 9 ) 4 9 8 9 ( 5 ) 4 9 ( 5 ) 4Ci' /2e> > 4 6 2 2 ( 9 ) 7 5 8 9 (  1 9 ) 5 1 6 7 ( 5 ) 4 3 ( 6 ) 4
Ci i Ji > 3 1 7 8 ( 7 ) 5 2 7 3 ( 9 ) 4 9 9 7 ( 5 ) 3 4 ( 5 ) 4
Cl i JJ > 3 3 5 5 ( 7 ) 5 3 9 9 ( 9 ) 4 5 9 9 ( 5 ) 3 6 (  6  ) 4
C< 1 3 3  • 2 9 1 7 ( 8 ) 4 9 6 1 ( 1 1 > 3 9 8 9 ( 6 ) 5 7 ( 7 ) 4
Ci  1 3 4  > 2 3 1 9 ( 1 8 ) 4 2 6 2 ( 1 2 ) 3 9 3 2 ( 6 ) 6 3 ( 7 ) 4C< i J5> 2 1 2 6 (  9  ) 4 6 9 3 i  11 > 4 4 1 5 ( 6 ) 5 5 ( 7 ) 4Ci' i Jo > 2 5 4 5 ( 8 ) 4 6 2 2 ( 9 ) 4 9 3 4 ( 5 ) 4 6 ( 6 ) 4
CC21i > 2 7 9 5 ( 8 ) 3 7 7 7 ( 8 ) 6 3 8 1 ( 5 ) 3 6 ( 6 ) 4
C< 2 1 2  > 3 5 4 6 ( 8 ) 3 3 3 9 ( 1 9 ) 6 4 7 0 ( 6 ) 4 8 ( 6 ) 4
C i  2 1 3  ) 3 5 3 1 ( 1 6 ) 2 3 7 5 (  1 1 ) 6 2 6 3 ( 7 > 6 1 ( 9 ) 4
C ( 2 1 4  ) 2 8 6 1 ( 1 1 ) 1 8 9 5 ( 1 2 ) 5 9 4 9 ( 7 ) 7 1 ( 1 9 ) 4
C ( 2 1 5 ) 2 6 3 5 i i 1 ) 2 3 6 8 ( 1 2 ) 5 8 3 5 ( 7 ) 7 6 (  9  ) 4
C ( 2 1 6 ) 2 6 4 4 ( 8 ) 3 2 9 7 ( 9 ) 6 9 4 7 ( 5 ) 4 3 ( 6 ) 4
C< 2 2 1 > 3 4 9 1 ( 9 ) 4 9 6 3 ( 9 ) 7 4 5 9 ( 6 ) 4 9 ( 7 ) 4
Ci 2 2 2  > 3 5 8 2 ( 1 2 ) 5 7 8 8 ( 1 1 ) 7 7 9 3 ( 7 ) 8 9 <  1 0 ) 4
C i  2 2 3  ) 4 1 1 0 ( 1 3 ) 5 7 6 8 ( 1 2 ) 8 3 9 9 ( 6 ) 1 1 4 ( 1 2 ) 4
C i 2 2 4  ) 4 5 4 8 ( 1 5 ) 4 9 9 4 ( 1 7 ) 8 6 7 5 ( 8 ) 1 2 7 (  1 3  >4
C < 2 2 5 > 4 4 5 1 ( 1 4 ) 4 1 3 1 ( 1 4 ) 8 3 6 5 i 6 ) 1 2 9 ( 1 1 ) 4  •
C < 2 2 6 ) 3 9 6 4 ( 1 0 ) 4 1 3 3 ( 1 8 ) 7 7 6 7 ( 6 ) 7 9 ( 8 ) 4
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Table 40 continued
€ ( 2 3 1 ) 1 7 4 2 ( 8 ) 5 6 7 2 ( 8 ) 6 6 3 9 ( 6 ) 35(6 )*
C ( 2 3 2 ) 1 6 5 4 Ì 8 ) 5 3 9 9 ( 1 6 ) 6 1 3 3 ( 6 ) 5 8 ( 7 ) *
€ < 2 3 5 ) 2 3 7 ( 8 ) 5 4 6 6 ( 1 6 ) 6 1 6 8 ( 8 ) 7 3 ( 8 ) *
C< 2 3 4 ) 125(13) 5 6 5 4 ( 1 3 ) 6 5 9 4 Í 1 0 ) 9 8 ( 1 3 ) *
C < 2 3 5 > 7 8 3 ( 1 2 ) 4 7 1 6 ( 1 2 ) 7 0 7 1 ( 9 ) 8 4 ( 1 1 ) *
€ ( 2 3 6 ) 1 5 7 6 ( 1 8 ) 4 7 1 1 ( 9 ) 7 0 9 5 ( 7 ) 5 3 ( 7 ) *
C< 3 1 1  ) - 2 3 7 ( 7 ) 8 7 3 3 ( 8 ) 6 3 9 9 ( 5 ) 3 5 ( 5 ) *
C < 3 1 2 ) - 7 1 4 ( 9 ) 9 2 2 6 ( 1 1 ) 5 8 5 8 ( 6 ) 5 7 ( 7 ) *
C < 3 1 3 ) - 1 6 6 1 ( 1 6 ) 9 2 1 9 ( 1 1 ) 5 6 1 3 ( 7 ) 6 2 ( 8 ) *
C < 3 1 4 ) - 1 9 9 6 ( 1 1 ) 8 7 4 3 ( 1 1 ) 5 9 0 1 ( 7 ) 8 3 ( 9 ) *
C < 3 1 5 ) - 1 5 4 9 ( 1 1 ) 8 2 4 4 ( 1 2 ) 6 4 1 3 ( 7 ) 8 3 ( 1 0 ) *
C< 3 1 6 ) - 6 6 8 ( 9 ) 8 2 5 2 ( 9 ) 6 6 7 1 ( 6 ) 4 8 ( 7 ) *
€ < 3 2 1  > 1 1 9 9 ( 9 ) 1 6 0 3 6 ( 9 ) 6 9 8 4 ( 6 ) 4 8 ( 6 ) *
C< 3 2 2 ) 6 6 5 < 1 8 ) 1 8 8 0 6 ( 1 1 ) 6 8 2 9 ( 7 ) 6 8 ( 8 ) *
C k 3 2 3 ) 9 9 6 ( 1 2 ) 1 1 7 3 2 ( 9 ) 6 9 9 8 ( 7 ) 8 8 (  1 8  ) *
C < 3 2 4 ) 1 8 5 1 ( 1 8 ) 1 1 8 9 5 ( 1 1 ) 7 2 6 2 ( 6 ) 7 0 ( 8 ) *
C< 3 2 5  ) 2 3 3 8 ( 1 1 ) 1 1 1 2 7 ( 1 2 > 7 3 5 8 ( 7 ) 6 5 ( 8 ) *
€ < 3 2 0 ) 2 6 7 1 ( 1 1 ) 1 6 2 1 8 k 1 6 ) 7 1 8 2 ( 6 ) 6 0 (  3  ) *
C< 3 3 1 ) 1 2 7 6 ( 7 ) 8 1 4 7 ( 8 ) 7 4 2 4 ( 5 ) 3 6 ( 6 ) *
C < 3 3 2 ) 1 2 7 4 ( 8 ) 8 6 3 6 ( 1 8 ) 7 9 1 7 ( 5 ) 4 6 ( 6 ) *
C< 3 3 3 ) 1 4 3 5 ( 9 ) 8 1 6 5 ( 1 1 ) 8 4 4 6 ( 6 ) 6 2 ( 7 ) *
C<3 3 4 ) 1 7 2 1 ( 1 1 ) 7 1 9 4 ( 1 2 ) 8 5 0 6 ( 7 ) 8 1 ( 9 ) *
C < 3 3 5 ) 1 7 2 8 ( 1 3 ) 6 6 9 8 ( 1 3 ) 8 8 3 2 ( 7 ) 1 8 3 ( 1 2 ) *
C < 3 3 6 ) 1 5 6 2 ( 1 1 ) 7 1 7 7 ( 1 0 ) 7 4 7 8 (  7 ) 7 9 ( 1 8 ) *
H < ê l  > 1 7 3 2 ( 6 9 ) 8 6 0 4 ( 9 8 > 4 8 0 4 ( 4 8 ) 7 0
H< 9 2  > 5 6 7 ( 7 2 ) 9 4 6 5 ( 8 7 ) 5 2 4 7 ( 5 8 ) 7 0
Hk 6 3  > 2 3 7 6 k 7 3 ) 9 6 6 3 ( 8 6 ) 6 1 8 9 ( 5 0 > 7 0
H< 6 4  ) 3 4 4 3 ( 6 $ ) S 4 3 S k 9 3 ) 5 8 5 3 (  4 8  > 7 8
H( 8 6 > 2 7 6 (  7 4  ) 7 5 8 6 ( 3 7 ) 5 5 9 3 ( 5 1 ) 7 0
H< 6 3  > 2 5 6 1 ( 7 6 ) 5 1 9 3 k 36  ■ 6 9 6 6 ( 4 9 ) 7 8
H< 6 1 6 ) 2 1 5 6 k 7 3 ) 6 9 6 5 ( 8 6 - ' 4 8 9 0 k 5 1  ) 7 8
H<6 6 1  ) 2 6 9 3 k 6 8 ) 6 4 3 9 ( 9 6 > 5 6 2 6 ( 4 9 ) 7 8
Hi 6 6 2  ) 2 3 0 6 ( 7 2 ) 6 8 6 7 (  3 6 ) 6 3 8 6 ( 4 9 ) 7 8
t  e q u i v a l e r l i  i s o t r o p i e  U d e f i n e d  
i r a c e  o f  i h e  o r i h o e o n a l i s e d  U
a s  o n e  i h i r d  
i e n s o r




[2 .2 #2-(O3)(PPh3 ) : -c lo e o -2.1-RuCB0H0-10-(PPh3 ) ]  ( 6 )
Interatomic distances (pm), w ith  standard
deviations in  parenthesis, fo r
R u ( 2  ) - P (  1 )  2
R u ( 2 ) - C ( l )  2
R u ( 2 ) “ B < 3 )  2
R u <  2  > - B <  7  > 2
f * i >-C< u i )  l 
p < n - C \ i 3 i >  i  
P ( 2 > ~ C ( 2 2 1 )  1
M D - K I 0 )  1 
P ( 3 ) ~ C (  3 2 1  > 1
C (  1 ) - B <  3  > 1
C (  1 ) ~ B (  5  > 1
C ( 2 1 ) - 0 (  2 1  > 1
B* 3  > - B (  7  )  1
B * 3 ) - H ( 8 3 )  1
B< 4 ) - B (  8  )  1
B* 4 > - H <  8 4  > 1
B (  5  > “ B < 6  > 1
B (  7  ) - B (  8  )  1
B ( 7 ) - H ( 8 7 )  1
B < 8 ) - B <  I B )  1 
B ( 9 ) - B < 6 )  1
B (  8  >-«< 8 9  > 1
B< 6  > - H (  8 6  > 1
C < 1 1 1 > - C < 1 1 6 )  1 
C < 1 1 3  >-C< 1 1 4 )  1 
C (  U 5 ) - C (  1 1 6 )  1 
C ( 1 2 1 ) - C ( 1 2 6 )  1 
C (  1 2 3 ) - C (  1 2 4 )  1 
C< 1 2 5 > - C < .  1 2 6 )  1 
C< 1 3 1 ) - C < 1 3 6 )  1 
C< 1 3 3 ) - C <  1 3 4 )  1 
C‘ 1 3 5 K <  I M )  1 
C < 2 1 i > - C ( 2 l 6 >  1 
C < 2 1 3  - c \  2 1 4  • 1 
C (  2 1 5  ) ~ C <  2 1 6  )  1 
C ( 2 2 1  > - C < 2 2 6 >  1 
C ( 2 2 3 ) - C < 2 2 4 )  1 
C< 2 2 5  >-C< 2 2 6  )  1 
C ( 2 3 1 ) - C ( 2 3 6 > 1 
C < 2 3 3  > - C < 2 3 4  )  1 
L\ 2 3 5  ) - C <  2 3 6  > 1 
C< 3 1 1 ) ~ C < 3 1 6 )  1 
C< 3 1 3 ) ~ C <  3 1 4 )  1 
C< 3 1 5  ) ~ C <  3 1 6  )  1 
C < 3 2 1  >-C<3 2 6 )  1 
C< 3 2 3 ) - C <  3 2 4 )  1 
C < 3 2 5 > - C <  3 2 6 )  1 
C< 3 3 1  ) - C < 3 3 6 )  l  
C < 3 3 3 ) - C < 3 3 4 )  1 
C (  3 3 5  ) - C <  3 3 6  )  1
3 8 4 < 3 )  
1 1 5 ( 1 8 )  
318*.  1 2  ) 
3 8 2 < 1 1 )  
8 4 6 < 1 1 )  
8 3 8 ( 1 1 )  
8 2 1 ( 1 8 )  
S 8 6 < 1 8 )  
796< 18 ) 
5 7 2 ( 1 7 )  
6 3 8 ( 1 4 )  
1 4 6 ( 1 3 )  
8 5 3 ( 1 5 )  
1 6 8 ( 1 2 )  
7 5 5 ( 1 8 )  
2 8 6 ( 1 3 )  
8 3 5 ( 1 6 )  
8 7 1 ( 1 6 )  
1 1 5 ( 1 3 )  
673*. 1 5 )  
8 2 5 ( 1 6 )  
8 9 2 ( 1 1 )  
1 5 7 ( 1 8 )  
3 8 6 ( 1 7 )  
3 3 9 ( 1 7 )  
3 9 8 ( 1 8 )  
3 7 8 (  1 4 )  
3 1 1 ( 1 5 )  
3 9 8 ( 1 3 > 
3 8 8 ( 1 6 )  
3 3 6 ( 1 9 )  
3 6 3 ( 1 9 )  
356< 1 5 )  
3 6 3 ( 2 2 )  
3 5 8 ( 2 2 )  
3 9 9 ( 1 4 )  
3 5 2 k 2 8 )  
3 8 3 ( 1 6 )  
3 6 9 ( 1 4 )  
3 4 6 ( 1 8 )  
3 9 3 ( 1 9 )  
3 8 6 ( 1 6 )  
3 8 8 ( 2 6 )  
3 6 8 ( 1 9 )  
3 7 2 ( 1 7 )  
2 7 9 ( 2 1  ) 
3 7 9 ( 2 3 )  
3 7 3 ( 1 7 )  
3 5 7 ( 2 1 )  
3 7 2 ( 1 7 )
R u ( 2 ) ~ P ( 2 )  
R u ( 2 ) - C ( 2 1  )  
R u ( 2 ) - B ( 5 )  
R u ( 2 ) - B ( 6 )  
P ( 1 ) ~ C (  12 1 )
P (  2  ) ~ C (  2 1 1  )
P ( 2 ) ~ C ( 2 3 1 )  
P ( 3 ) - C ( 3 l l >
P (  3  ) ~ C (  3 3 1  )
C* i - B ‘. 4 ■
C ( 1 ) - H < 81 >
B (  3 ) ~ B (  4  )
B ( 3 ) - B ( 8  )  
B ( 4 ) - B ( 5 )
B (  4 ) - B (  9  )
B (  5  ) - B (  9  )
B (  5  ) - H (  8 5  )
B (  7 ) - B (  1 8 )  
B ( 8 ) - B ( 9 )
B(  8 ) - H(  8 8 )  
B ( 9 ) - B (  1 8  > 
B ( 6 ) - B ( 1 8 )
C (  11 1  ) - C ( U 2 )  
C (  U 2 ) - C (  1 1 3 )  
C (  U 4 ) - C (  1 1 5 )  
C ( 1 2 1 ) - C ( 1 2 2 )  
C (  1 2 2 ) - C (  1 2 3 )  
C (  1 2 4 ) - C (  1 2 5 )  
C (  13 1 ) - C (  1 3 2 )  
C (  1 3 2  ) - C (  1 3 3 )  
C (  1 3 4  ) - C <  1 3 5  )  
C (  2 1 1  ) - C (  2 1 2  > 
C (  2 1 2  ) ~ C (  2 1 3 )  
C < 2 1 4  ) ~ C (  2 1 5 )  
C ( 2 2 1 ) - C ( 2 2 2 )  
C ( 2 2 2 ) mC ( 2 2 3 )  
C ( 2 2 4 ) • € ( 2 2 5 )  
C < 2 3 1 ) - C ( 2 3 2 )  
C ( 2 3 2 ) - C ( 2 3 3 >  
C (  2 3 4  ) - C < 2 3 5 )  
C ( 3 U  ) - C (  3 1 2 )  
C ( 3 1 2 ) - C ( 3 1 3 )  
C (  3 1 4  ) - C (  3 1 5 )  
C (  3 2 1  ) - C (  3 2 2  > 
C < 3 2 2 ) - C <  3 2 3 )  
C ( 3 2 4 ) - C ( 3 2 5 )  
C (  3 3 1  ) - C ( 3 3 2 )  
C (3 3 2 ) - C < 3 3 3 )  
C ( 3 3 4 ) - C ( 3 3 5 )
3 8 7 ( 2 )
8 6 5 ( 1 8 )
3 2 3 ( 1 1 )
3 2 5 ( 9 )
8 1 9 ( 8 )
8 5 1 ( 1 2 )
8 4 7 ( 1 8 )
8 8 7 ( 1 1 )
8 8 2 ( 9 )
6 1 8 ( 1 3 )
9 1 1 ( 9 )
8 4 5 ( 1 7 )
8 5 8 ( 1 3 )
8 7 2 ( 1 8 )
7 6 1 ( 1 6 )
8 5 2 ( 1 5 )
4 5 7 ( 1 3 )
6 9 8 ( 1 3 )
854(18)
1 4 3 ( 1 2 )
6 7 9 (  I S )
6 8 8 ( 1 5 )
3 7 3 ( 1 2 )
3 8 5 ( 1 6 )
3 5 7 ( 1 4 )
4 1 1 ( 1 5 )
3 8 3 ( 1 3 )
4 4 6 ( 1 7 )
4 8 8 ( 1 4 )
3 7 1 ( 1 8 )
3 6 2 ( 1 8 )
3 4 9 ( 1 5 )
4 8 2 ( 1 9 )
3 8 8 ( 2 2 )
395(16)
3 9 1 ( 1 7 )
3 6 8 ( 2 8 )
3 7 3 ( 1 5 )
4 1 1 ( 1 8 )
3 4 7 ( 2 2 )
3 8 1 ( 1 3 )
3 9 8 ( 1 8 )
4 8 4 ( 2 8 )
3 6 1 ( 1 7 )
476*. 2 8 )
3 4 8 ( 2 2 )
3 4 5 ( 1 7 )
384*. 1 5 )
3 8 2 ( 2 4  )
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4 2 .
[2 ,2 ,2 - «D )(P P h 3)2-cIos2-2,1-RuC»8H8-10-(PPh3 ) ]  (6 ) .
Interborxl angles ( ° ) ,  w ith  standard
devia tions in  parenthesis, fo r
P (  1 ) - R u (  2  ) ~ P (  2  )
P (  2  ) ~ R u <  2  ) - C (  i )
P<  2 ) - R u (  2  ) - C ( 2 1  )  
P < 1  ) - R u ( 2 ) - B ( 3 )
C < 1 ) - R u (  2  ) - B (  3  )
P (  1 ) - R u (  2  ) ~ B (  5  )
C (  1 ) - R u (  2  ) - B (  5 )
B < 3  ) - R u <  2  ) - B (  5  )
P (  2  ) - R u (  2  ) - B (  7  ) 
C < 2 1 ) - R u ( 2 ) - B < 7 )
B <  5  ) - R u (  2  ) - B (  7  )
P k 2  ) - R u <  2  ) - B (  6  )
C (  2 1  ) - R u ( 2 ) - B ( 6 )  
B ( 3 > - R u ( 2 ) - B < 6 )
R u <  2  > - P <  1 ) ~ C (  1 1 1 )  
C (  1 1 1  ) - P (  I  ) - C (  1 2 1  )  
C (  1 1 1  ) - P <  1 ) ~ C (  1 3 1  )  
R u (  2  > - P <  2  ) - C (  2 1 1  )  
C ( 2 1  1 ) - P (  2  ) - C k 2 2 1  > 
C ( 2 1 1  > - P < 2 > - C < 2 3 1 >  
B < I B  > - P < 3 ) - C ( 3 1 1  > 
C < 3 1 1  ) - P <  3  > - C <  3 2 1  )  
C < 3 1 1  ) - P (  3  ) - C (  3 3 1  )  
R u <  2  > - C <  1 > - B < 3 )
B < 3  > - C <  l  ) - B (  4  )
B (  3  >-C< J > - B <  5  )  
R u ( 2 ) - C <  1 ) ~ H ( 8 1  )  
B ( 4 ) - C (  1 > - H ( B l  )  
R u ( 2 ) - C < 2 1  ) - 0 <  2 1  > 
R u i  2  ) - B (  3  ) - B (  4  )
R u \  2  ) - B (  3  ) - B (  7  )Bi 4 -Bi 3  )-Bk ?>
C i  1 ■-£?■ 3 ) - B (  8  >
#< 7  ) - B k 3  >
C< 1 > - B <  3  ) - H ( 8 3 )
B (  7  ) - B (  3  ) - H (  0 3  )
C < 1 > - B ( 4 > - B < 3 >
B (  3  ) - B (  4  ) - B (  5  )
B < 3  ) - B <  4  >~ B < 8  )
C< 1 ) ~ B <  4  > - B <  9  )
B ( 5 ) - B ( 4  ) - B (  9  )
C (  1 > - B (  4  > - H <  0 4 )  
B < 5 ) - B ( 4 ) ~ H k 0 4  >
B k 9  ) - B (  4  ) - H (  0 4 )  
R u ( 2 ) - B ( 5 ) ~ B ( 4 )  
R u ( 2 ) - B ( 5 ) - B ( 9 )  
B ( 4 ) - B ( 5 ) - B ( 9 )
C <  1 ) - B ( 5 ) ~ B ( 6 )
B< 9  ) - B (  3  ) - B (  6  )
9 4  #< i ) 
9 9  l < 2 >  
9 3  0 <3>
3 5 . 9 ( 3 )
4 3 . 0 ( 4 )
6 7  9 ( 4 )  
1 0 3  3 ( 3 )
8 5  9 ( 4 )  
7 3  8 ( 4 )  
1 5 3  3 ( 3 )  
7 9  5(  4 ) 
4 6 . 3 ( 4 )  
1 1 6  3 ( 3 )  
9 8 . 2 ( 4 )  
1 0 2  1 ( 5 )
1 1 8  3 ( 3 )  
1 0 2  4 ( 5 )
91  8 ( 5 )  
1 1 3  1 ( 5 )  
1 8 5  1 ( 5 )  
1 0 6  8 ( 5 )  
7 6  0 ( 6 )  
7 8  6 ( 7 )  
1 0 7 . 4 ( 7 )  
1 2 6  9 ( 7 )  
1 0 8  9 ( 9 )  
1 7 1  4< 7 )  
1 8 2  5 ( 7 )  
6 6  1 ( 5 )
1 8 0  9 ( 7 )  
1 0 8  5 ( 8 )
68 6(  6 )  
1 2 5  3 ( 9 )
1 1 9  7 ( 1 8 )  
5 3  3 ( 6 )  
88 2 ( 7 )  
6 2  1 ( 6 )
1 1 1  9 ( 9 )  
6 1  2 ( 6 )
1 1 5  2 ( 9 )  
1 3 1  6 ( 1 8 )  
1 2 4  4 ( 8 )  
101 2 ( 6 )  
1 1 3  6 ( 7 )  
5 6 . 5 ( 6 )
1 1 2  3 ( 9 )  
5 9 .  3 k 6 )
P (  1 ) - R u (  2  ) - C ( l )
P (  1 ) - R u ( 2 ) - C ( 2 1  )
C (  1 ) - R u (  2  ) ~ C (  2 1  )
P (  2  ) - R u (  2  ) ~ B (  3  )  
C ( 2 t ) - R u ( 2 ) - B ( 3 )  
P ( 2 ) - R u ( 2 ) - B ( 5 )
C (  2 1  ) - R u (  2 ) - B < 5 )
P (  1 ) - R u (  2  ) - B (  7  )
C (  1 ) - R u ( 2 > - B ( 7 )
B (  3 ) - R u ( 2 ) - B (  7 )
P (  1 ) - R u ( 2 ) - B ( 6 )
C (  1 ) - R u (  2  ) - B ( 6 )  
B ( 3 ) - R u ( 2 ) - B ( 6 )  
B ( 7 ) - R u ( 2 ) - B ( 6 )  
R u ( 2 ) ~ P (  1 ) - C (  1 2 1  )  
R u ( 2 ) - P ( l  ) - C (  1 3 1  )  
C (  1 2 1  ) - P ( l ) - C (  13 1  )  
R u ( 2 ) - P ( 2 ) - C ( 2 2 1  )  
R u (  2  ) - P (  2  ) - C ( 2 3 1  )  
C ( 2 2 1 ) - P ( 2 ) ~ C ( 2 3 1 )  
B (  1 8 ) - P ( 3 ) - C ( 3 2 1  )  
B ( 1 8 ) - P ( 3 ) ~ C ( 3 3 1 )  
C (  3 2 1  ) - P ( 3 ) - C ( 3 3 1  )  
R u (  2  ) - C (  1 ) - B (  4  )
R u (  2  ) - C (  1 ) - B \  5  )
B (  4  ) - C <  1 ) ~ B (  5 )  
B ( 3 ) - C (  1 ) - H (  0 1  > 
B ( 5 ) - C (  1 ) - H ( 8 1  )
R u (  £  ) - B (  3  ) ~ C (  1 )
C ( 1 ) ~ B ( 3 ) - B ( 4 )
C (  1 ) - B ( 3 > - B ( 7 )
R u (  2  ) - B (  3  ) ~ B (  8  )  
B ( 4 ) - B <  3 ) - 6 ( 8 )  
R u ( 2 ) - B ( 3 ) - H ( 8 3 )
B (  4  >-£}(■ 3  ) - H (  8 3  )
B (  8  ) - B (  3  ) ~ H (  8 3  )
C ( 1  ) - B (  4  ) - B (  5  )
C (  1 ) - B ( 4 ) - B ( 8 )  
B ( 5 ) - B (  4  ) ~ B ( 8 )
B (  3  ) - B (  4  )~B < 9  > 
B ( 8 ) - B k 4 ) - B k 9 )
B (  3  ) - B (  4  ) - H (  8 4  )
B< 8  ) ~ B (  4  ) - H \  8 4 )  
R u ( 2 ) - B ( 3 ) - C (  1 )
C (  1 ) - B (  5  ) - B <  4 )
C (  1 ) - B <  5  ) - B (  9 )  
R u ( 2 ) - B ( 5 ) - B ( 6 )
B (  4  ) - B (  3  ) - B k 6  )  
R u ( 2 ) - B ( 3 ) - H ( 0 5  )
9 6  0 ( 3 )  
91 8 ( 3 )  
1 6 8  5 ( 3 )  
8 5  3 ( 3 )  
1 3 1 . 9 ( 4 )
1 4 2  8 ( 3 )  
1 1 9  9 ( 4 )  
1 5 9  3 ( 3 )
81 1 ( 4 )  
4 7  4 ( 4 )  
1 8 9  7 ( 3 )  
81 6 ( 3 )  
7 7 . 2 ( 4 )  
4 9 . 6 ( 4 )  
1 2 1  5 ( 4 )
1 1 4  3 ( 3 )  
1 8 1  3 ( 4 )
113 1 ( 3 )
1 2 3  4 ( 3 )
1 8 4 2 ( 4 )
1 1 8  7 ( 4 )
1 1 5  3 ( 5 )
1 8 5  9 (5 )  
1 2 8  8 ( 7 )
7 5  3 ( 6 )  
78 2 ( 7 )
1 8 6  8 ( 9 )
1 4 3  8 ( 1 1 )
6 2  7 ( 5 )
5 5  8 ( 6 )
1 1 4  8 ‘. 8 )
1 1 4  3 ( 6 )
5 6  6 ( 6 )  
1 3 2  9 ( 7 )
1 1 9  8 ( 9 )  
1 8 6  1 ( 8 )
5 5 . 4 ( 6 )  
1 1 1  5 ( 9 )
1 8 5  1 ( 8 >  
1 8 4 9 ( 8 )
6 3  7 ( 7 )  
1 2 6  4 ( 9 )  
1 2 6  2 ( 9 )
6 1  7 ( 5 )  
54 4 ( 6 )
1 8 6  6 ( 8 )  
6 6  8 k 5 '  
9 9  6 ( 8 )
1 2 4  9 ( 6 )
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Ib b le  42 continued
C i  1 ) - B i  5  >-«< 8 5  > 1 1 9 . 8 ( 8  )
B< 9  > - B i  5  ) -H(  05  > 1 2 0  . K B )
R u i  2  ) - B (  7  >-Bk 3  > 6*© 3< 5 )
Bi  3  > -ß< 7 > - f l (0 > 55. 5 f tf >
B ( 3 ) - B ( 7 ) - B ( 1 9 )  189 6(  8  )
Bu< 2  > - B <  7  ) - H (  8 7  > 1 8 9 . 2 ( 7 )
Bk 8  >-e< 7 >-H< 07 > 1 2 7 . 6 (  1 8  )
B(  3  >-B< 8 ) - B (  4 > 61  3 ( 8  >
8 < 4 > - B < 8 > - B < 7 >  1 0 3 . 6 ( 8 )
B( 4 ) - B (  8  >-B(  9  > 58 3 ( 7 )
B (  3  ) - B (  8  >-B< 18 )  1 1 0  4 ( 7 )
Bk 7 ) - B ( 8 ) - B (  1 8  ) 5 6  9 ( 6 )
B< 3  >-B< 8  >-«< 0 8 )  121  9 ( 9 )
B(  7  ) - B (  8  )~H( 88  )  1 1 9 . 8 ( 1 8  >
1 0  ) - B i 8 )~H(8 8  )  1 1 2 . 1 ( 8 )
B ( 4  ) - B ( 9 ) - B ( 8 )  5 8 . 8 ( 7 )
B (  4  ) - B (  9  ) - B (  6  )  1 8 4  2 ( 7 )
B (  8  >-5< 9  ) - B (  6 )  9 1 . 7 ( 7 )
B i  5  ) - B (  9  ) - B (  1 9 )  111 2 ( 8 )
B< 6  > - B (  9 > - B <  1 8 )  5 7 . 4 ( 6 )
B< 5  ) - B (  9  >-«< 0 9  > 1 2 8  6 ( 1 1 )
B (  6  ) - B k 9  ) - H (  0 9  > 1 3 2  9 ( 1 8 )
R u <  2  ) - B (  6  ) - B (  5  )  6 6  7 ( 4 )
B (  5 > ~ B (  6  ) - B (  9  > 6 9  8 ( 6 )
B ^ 5 ) - B ( 6 ' - B < 1 8 )  1 1 1 . 6 ( 8 )
R u ( 2 ) - B ( 6 ) - H ( 8 6 )  1 1 9 . 9 ( 7 )
B (  9  ) - B (  6  > - H (  8 6  )  1 2 4  9 ( 7 )
P ( 3 > - B (  1 0  > - B ( 7 )  1 2 2  5 ( 8 )
B< 7  ) - B (  1 0  ) - B (  8  )  6 7  4 ( 6 )
B (  7  > - B (  1 0  ) - B <  9  )  1 0 3  7 ( 7 )
P (  3  >-£?< 1 8  ) ~ B (  6  )  1 2 7  . 9 ( 7 )
B< 8  ) - B (  1 0  > - B (  6  > 1 0 3  6 ( 7 )
P <  1 ) - C <  1 1 1  ) ~ C (  1 1 2 )  1 2 0 . 6 ( 8 )
C< 1 1 2 > - C (  111  ) - C (  1 1 6 )  1 1 8  3 ( 1 0 )  
C i 1 1 2  > - C ( U 3 ) - C <  1 1 4  )  121 5 ( 9 )  
C < 1 1 4  > - C <  1 1 5  >-C< 1 1 6 )  1 2 8  2 (  11 )  
P < 1  > - C < 1 2 1 ) - C ( 1 2 2 )  1 1 8  8 ( 7 )
C (  1 2 2 > - C (  121 ) ~ C <  1 2 6 )  1 1 7 .  1 ( 8 )  
C (  1 2 2  > - C (  1 2 3  ) - C (  1 2 4 )  1 2 2  3 ( 1 1 )  
C (  1 2 4  >-C( 125)~C( 1 2 6 )  1 1 6  3 ( 1 8 )  
P i  1 ) ~ C <  1 3 1  ) - C (  1 3 2 )  1 1 8  2 ( 8 )
C (  1 3 2 ) - C (  131 ) - C i  1 3 6 )  1 1 7  1 ( 1 0 )  
C (  1 3 2  ) - C (  1 3 3  ) ~ C (  1 3 4 )  121 7 ( 1 1 )  
C (  1 3 4 > - C (  1 3 5 ) - C (  1 3 6 )  1 2 2  3 ( 1 2 )  
P ( 2 ) - C < 2 U ) - C ( 2 1 2 )  1 1 8  1 ( 8 )
C (  2 1 2  ) - C (  2 1 1  ) - C ( 2 1 6 )  1 1 6  7 ( 1 1 )  
C ( 2 1 2  ) - C (  2 1 3  > - C (  2 1 4  )  1 1 9  9 ( 1 3 )  
C ( 2 1 4  ) - C ( 2 1 5 ) - C ( 2 1 6 )  1 2 0  4 ( 1 4 )  
P ( 2 ) - C ( 2 2 1  ) - C ( 2 2 2 )  1 1 9  6 ( 7 )
C (  2 2 2  ) - C (  2 2 1  ) - C (  2 2 6  )  1 1 7  5 ( 1 9 )  
C ( 2 2 2 ) - C ( 2 2 3 ) - C ( 2 2 4 )  1 1 9  7 ( 1 2 )  
C ( 2 2 4 ) - C ( 2 2 5 ) - C ( 2 2 6 )  121 4 ( 1 2 )  
P ( 2 ) - C < 2 3 1  ) - C ( 2 3 2 )  1 2 0  6 ( 7 )
B< 4 ) - B (  5 ) - H ( 8 5 )  1 1 7  5 ( 8  )
B k 6  ) - B (  5  ) - H (  05 > 1 3 4  3 ( 8  )
R u (  2  ) ~ 6 (  7  ) ~ B i  S  )  1 1 4  1 ( 7 )
R u (  2  > - B (  7  ) - B (  1 8 )  1 1 9  2 ( 7 )
B k 8  > -B k 7 '-Sv 10 • 55 7* 0 >
B (  3  ) - B (  7  ) - H i  9 7 )  1 1 7  3 ( 8 )
B (  1 8  7  >-h<. 8 7  ) 1 2 1 . 5 ( 9 )
B ( 3 ) - B ( 8 ) - B ( 7 >  5 9  6 ( 6 )
B (  3  > - B (  8  ) - B (  9  )  1 8 0  K B )
B ( 7 ) - B (  $ y - K 9 )  9 1  K 7 )
6 (  4  ) - B (  8  ) - B (  1 8 )  1 1 8 . 4 ( 9 )
K 9 ) - K B ) - K  1 9  ■ 5 6  K T )
B< 4  ) ~ B (  8  ) - H (  8 8  )  1 3 8  8 ( 1 9 )
B (  9  ) - B (  8  > - H (  8 8  )  1 3 5  5 (  8  )
6 ( 4 ) - B ( 9 ) - B ( 5 )  6 2  3 ( 6 )
B ( 5 ) - B ( 9 ) - B ( 8 )  1 9 2 . 8 ( 7 )
B (  5  ) - B (  9  ) - B (  6  )  59 9 (6 )
B( 4 )-B( 9 ) - B (  1 8 )  1 9 9 . 8 ( 9 )
B ( S ) - B ( 9 ) - B ( 1 9 )  5 6  3 ( 7 )
B (  4 ) - B (  9  ) ~ H (  0 9  )  1 1 7  8 ( 1 9 )
B (  8  ) - B (  9  ) - H (  0 9  )  1 2 8  . 7 ( 1 9 )
B (  1 8  ) ~ B (  9  ) ~ H (  8 9  )  1 2 1 . 5 ( 9 )
R u ( 2 ) - B (  6 ) - B (  9  )  1 1 4  6 ( 6 )
R u ( 2 ) - B ( 6 ) - B (  1 9 )  1 1 8  5 ( 6 )
B ( 9 ) - B ( 6 ) - B ( 1 8 )  5 7  9 ( 7 )
B ( 5 ) - B ( 6 ) - H ( 8 6 )  1 3 7 . 6 ( 1 8 )
B (  1 0  ) - B (  6  ) ~ H (  9 6  )  1 0 1 . 1 ( 7 )
P (  3  ) - B (  1 9  ) - B (  8  )  1 2 8  3 ( 8 )
P ( 3 ) - B ( 1 9 ) - B ( 9 )  1 3 3  8 ( 6 )
B ( S ) - B ( 1 8 ) - B ( 9 )  6 7 . 2 ( 7 )
B (  7  ) - B (  1 8  ) ~ B (  6  > 70 8 ( 6 )
B (  9 ) - B (  1 8  ) - B (  6  )  6 5  6 ( 7 )
P ( 1 ) - C ( 1 U ) - C ( 1 1 6 )  1 2 0  9 ( 7 )
C (  1 1 1  ) - C (  1 1 2  ) - C (  1 1 3 )  1 2 8 . 2 ( 1 0 )  
C (  1 1 3  ) - C <  1 1 4  ) - C (  1 1 5 )  1 1 9  6 ( 1 1 )  
C ( l l l  ) - C (  1 1 6  >-C< 1 1 5 )  1 2 0 . 8 ( 9 )  
P (  1 ) - C (  1 2 1  ) - C (  1 2 6 )  1 2 4  9 k 8 )
C (  121  ) - C (  1 2 2  ) - C (  1 2 3 )  1 2 8  3 ( 9 )  
C (  1 2 3  ) - C (  1 2 4  ) - C (  1 2 5 )  1 2 0  4 ( 9 )  
C (  121  ) ~ C (  1 2 6  >-C< 1 2 5 )  1 2 3  2 (  1 9 )  
P (  1 ) - C (  1 3 1  ) - C (  1 3 6 )  1 2 4 . 7 ( 8 )
C (  131  ) - C (  1 3 2  ) - C (  1 3 3 )  1 2 8  5 ( 1 9 )  
C (  1 3 3 ) - C (  1 3 4  ) ~ C ( 1 3 5 )  1 1 8 . 3 ( 1 2 )  
C (  131  ) ~ C (  1 3 6 ) - C (  1 3 5 )  1 2 0  1 ( 1 1 )  
P (  2  ) - C ( 2 1 1  ) ~ C ( 2 1 6 )  1 2 4  4 ( 9 )
C ( 2 1 1  ) - C ( 2 1 2 ) ~ C ( 2 1 3 )  1 2 2  3 ( 1 1 )  
C ( 2 1 3 ) - C ( 2 1 4 > - C ( 2 1 5 )  1 1 7  5 ( 1 5 )  
C (  2 1 1  ) - C (  2 1 6  ) - C (  2 1 5 )  1 2 3 . 2 ( 1 2 )  
P ( 2 ) - C ( 2 2 1  ) ~ C ( 2 2 6 )  1 2 2  3 ( 8 )
C ( 2 2 1  ) ~ C (  2 2 2  ) ~ C (  2 2 3  )  1 2 1  5 ( 1 1 )  
C ( 2 2 3 ) - C ( 2 2 4 ) - C ( 2 2 5 )  1 2 8  2 ( 1 3 )  
C (  2 2 1  ) ~ C (  2 2 6  ) - C (  2 2 5 )  1 1 9  6 ( 1 1 )  
P ( 2 ) - C ( 2 3 1 ) - C ( 2 3 6 )  1 2 1  1 ( 9 )
298
Table 42 continued
C ( 2 3 2 ) - C ( 2 3 1  ) - C ( 2 3 6 >  
C ( 2 3 2 > - C ( 2 3 3 ) - C ( 2 3 4  > 
C (  2 3 4  >-C< ¿35 >-Cí 23o > 
P <  3  ) - C <  3 1 1  > - € < 3 1 2  >
C (  3 1 2  > - C (  3 1 1  ) ~ C (  3 1 6 )  
C (  3 1 2  ) - C (  3 1 3  ) - C (  3 1 4  > 
C( 314 >-C< 3 1 5 ) - C <  3 1 6 )  
P^ 3 ' - C i  3 2 1  ' - C i  3 2 2 )
C< 3 2 2  >-C< 32i >-C< 32b' > 
C < 3 2 2  >-C( 323 > - C <  3 2 4  > 
C< 324 >-C( 323 >-C< 32© > 
P ( 3 ) - C <  3 3 1  > - C < 3 3 2 >
C (  3 3 2  > - C <  3 3 1  ) - C <  3 3 6  > 
C i  3 3 2  ) - C (  3 3 3  >-C< 3 3 4  > 
C< 334 >-C< 335 >-C< 33<> >
1 1 7 9 ( 1 0 )
1 2 0 2 ( 1 3 )
1 2 0 3 i 1 1 )
1 2 2 4 ( 9 )
1 1 9 8 ( 1 0 )
1 1 9 8 ( 1 2 )
1 1 7 9 ( 1 5 )
121 2 ( 8 )
1 1 8 5 ( 1 1 )
1 1 7 4< 1 4 )
121 1 ( 1 4 )
1 2 2 3 ( 9 )
1 1 7 3 ( 10)
1 1 7 6 ( 1 4 )
1 1 6 8 ( 1 5 )
C ( 2 3 1 > • € < 2 3 2 ) - C ( 233)  
C ( 2 3 3 > - C ( 2 3 4 ) - C ( 2 3 5 >  
C i  2 3 1  ) - C ( 2 3 6 ) - C ( 2 3 5 >  
P ( 3 > “ C< 3 1 1  > - C <  3 1 6  > 
C ( 3 U  ) - C ( 3 1 2 ) - C ( 3 1 3  )  
C< 3 1 3 ) - C (  3 1 4  ) - C (  3 1 5  > 
C ( 3 U  ) - C ( 3 1 6 ) - C < 3 1 5 >  
P ( 3 ) - C (  3 2 1  ) - C (  3 2 6  >
C ( 3 2 1 ) - C ( 3 2 2 ) - C ( 3 2 3 )  
C ( 3 2 3 ) - C ( 3 2 4 ) - C ( 325 > 
C < 3 2 1 ) - C < 3 2 6 ) - C ( 325 > 
P ( 3 ) - C ( 3 3 1  ) - C ( 3 3 6 )
C< 3 3 1  > - C < 3 3 2 > - C < 3 3 3 >  
C< 3 3 3  >-C< 334 ) - C (  335 .> 
C < 3 3 1  ) - C < 3 3 6 ) - C ( 3 3 5 )
1 2 0  3< 1 0 )
1 2 0  1 ( 1 3 >  
1 2 1 . 2 ( 1 2 )  
1 1 7 . 6 ( 7 >
1 1 9  5 ( 1 2 )  
1 2 1 . 0 ( 1 4 )
121 6 ( 10 )
1 2 0  3 ( 9 )  
120 0 ( 12 )  
1 2 3 . 0 ( 1 5 )  
. 1 1 9  5 ( 1 2 )  
1 2 0 . 3 ( 9 >  
1 2 2  9 ( 1 2 )
1 2 2  4 ( 1 2 )
1 2 3  0 ( 1 4 )
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Tfrble 43. F ina l fra c tion a l coord inates (x  10 *),
w ith  standard d ev ia tion s  in  parenthesis, fo r
[2 #2 ,2 -«D )(P P h 3) 2-c lg »-2 ,1 -R u C B 8H8-10-(PPh3 ) ]  (6 ) .
X V z U
Ru< 2  > 6 4 3 2 < 1 > 6 1 2 4 <  1 > 6 8 1 7 ( 1 ) 2 4 ( 1 ) *
P (  1 > 7 5 0 1 < 2 ) 5 5 S 0 (  1 ) 6 8 9 2 ( 2 ) 31(1)*
P<  2  ) 7 7 2 6 < 2 > 6 4 5 3 ( 1 > 8 2 8 1 ( 2 ) 32( 1 ) *
P ( 3 > 2 9 8 7 ( 2 ) 6 6 4 6 ( 1 ) 4 8 5 7 ( 2 ) 34 ( 1 ) *
e< i > 5 3 8 1 < ?> 5 9 2 6 ( 3 ) 7 8 6 9 ( 8 > 3 4 ( 3 ) *
c a t  > 6 9 1 0 ( 7 ) 6 2 8 6 <  3  ) 5 5 8 3 (  8  ) 3 7 (  4  ) *
o a t  ■ 7 0 7 1 ( 6 ) 6 3 7 6 (  3  ) 4 6 1 9 ( 6 ) 6 2 ( 3 ) *
K I ) 5 1 1 0 ( 8 ) 6 3 4 5 ( 4 ) 7 7 4 3 ( 9 > 3 5 (  4  >*
B < 4 > 4 0 5 3 ( 9 ) 5 9 8 1 ( 4 ) 7 4 6 8 ( 11 ) 4 1 ( 4 ) *
B (  5  > 4 9 8 7 ( 8 ) 5 7 3 9 (  4  ) 6 5 7 7 ( 1 0 ) 3 5 ( 4 ) *
B(  7  > 4 9 8 8 ( 9 ) 6 5 2 5 < 4 > 6 2 3 5 ( 9 ) 3 4 ( 4 ) *
B < 8 > 3 7 1 1 ( 8 > 6 4 0 2 ( 4  ) 6 7 6 0 ( 9 ) 3 6 ( 4 ) *
B ( 9 > 3 5 7 4 ( 8 ) 5 9 6 7 < 4  ) 5 9 2 7 ( 1 0 ) 3 9 ( 4 ) *
B(  6  > 4 8 8 1 ( 8 ) 6 0 6 8 ( 3 ) 5971(8) 31(4)$
b < i e > 3 7 8 0 ( 8 ) 6 3 7 4 ( 3 ) 5 3 4 9 ( 9 ) 2 8 ( 4 ) *
C<i l l  > 7 5 0 8 ( 8 > 5 3 6 4 ( 3 ) 5 4 6 6 ( 8 ) 4 1 ( 4 ) *
Ci t t i > 6 6 0 9 ( 8 ) 5 3 9 7 ( 4  ) 4 5 3 2 ( 8 ) 5 1 ( 4 ) *
C< 1 1 3 > 6 5 9 9 ( 9 ) 5 2 1 9 ( 4 ) 3 4 8 4 ( 9 ) 5 1 ( 4  ) *
C (ii4> 7 4 6 6 ( 9 ) 5 8 2 1 ( 3 ) 3 3 4 0 ( 9 ) 5 0 (  4 ) *
C(113) 8 3 4 2 ( 9 ) 4 9 6 9 ( 4  ) 4 2 6 4 ( 1 1 ) 6 2 ( 5 ) *
C (  1 1 6 > 8 3 7 5 ( 9 ) 5 1 4 2 ( 4 ) 5 3 4 8 ( 1 0 ) 6 8 ( 6 ) *
C<1 2 1  > 8 9 8 9 ( 7 ) 5 5 7 9 ( 3 ) 7 5 1 1 ( 8 ) 3 3 ( 3 ) *
C < 1 2 2  > 9 6 4 1 ( 8 ) 5 8 4 0 ( 3 ) 7 0 9 5 ( 8 > 4 4 ( 4 ) 4 f
C< 1 2 3  > 1 0 7 7 7 ( 7 ) 5 8 4 7 ( 3 ) 7 5 2 6 ( 9 ) 4 3 ( 4 ) *
C i  1 2 4  ■ 1 1 2 8 6 ( 8 ) 5 6 2 8 (  4  ) 8 3 6 4 ( 9 > 5 3 ( 5 ) *
C< 1 2 3  > 1 8 6 8 4 ( 8 ) 5 3 3 9 (  3  ) 8 7 8 6 k 1# > 5 0 (  4 ) *
C (  1 2 6  > 9 5 3 6 ( 7 ) 5 3 3 6 ( 3 ) 8 3 4 5 ( 9 ) 4 3 ( 4 ) *
C (  1 3 1  ) 7 0 4 8 ( 7 ) 5 2 B 5 ( 3  ) 7 7 0 1 ( 8 ) 3 2 ( 3 ) *
C< 1 3 2  > 7 8 3 4 ( 7 ) 5 2 6 2 ( 3 ) 8 8 8 2 k 3  > 3 8 (  4 ) *
C< / 3 3  > 6 6 3 9 (  9 ) 4 9 9 7 (  4  ) 9 5 8 7 (  1 8 ) 6 2 ( 5 ) *
C< 1 34 ) 6 2 7 1 ( 9 ) 4 6 7 7 (  4  ) 9 0 2 3 ( 1 8 ) 5 4 ( 5 ) *
C i  1 3 5  ■ 6 3 1 3 ( 1 0 ) 4 6 1 5 ( 4 ) 7 8 8 5 (  11 ) 6 5 ( 5 ) *
C< 1 3 6 ) 6 6 8 3 <  8 ) 4 8 7 1 ( 4 ) 7 2 2 1 ( 1 8 ) 5 0 (  4  ) *
C ( 2 1 1 > 7 3 0 4 ( 7 ) 6 9 8 3 ( 3 ) 8 7 4 9 ( 8 > 3 9 (  4  ) *
C k 2 1 2  > 6 8 7 6 (  8 ) 7 1 4 9 ( 3 ) 7 9 8 8 ( 1 8 ) 4 4 ( 4 ) *
C < 2 1 3 > 6 7 0 1  (  1 0 ) 7 5 1 4 ( 4 ) 81 7 0 ( 1 3 > 7 2 ( 6 ) *
C < 2 1 4 > 6 9 6 9 ( 1 2 ) 7 6 3 1 ( 4 ) 9 3 1 3 ( 1 4 ) 8 6 ( 7 ) *
C ( 2 1 3 > 7 3 7 9 ( 1 5 ) 7 3 7 4 ( 5 ) 1 8 1 7 5 ( 1 4 ) 1 8 0 ( 8 ) *
C < 2 1 6 > 7 5 4 5 (  11 ) 7 9 2 5 ( 4  ) 9 8 7 6 ( 1 0 ) 6 4 ( 5 ) *
C < 2 2 1  > 8 1 3 2 ( 7 ) 6 2 8 9 ( 3 ) 9 6 7 1 k 6  > 4 3 ( 4 ) *
C < 2 2 2 > 7 3 6 8 ( 9 ) 6 1 5 7 ( 4 ) 1 0 3 5 6 k S ■ 5 5 ( 4 )*
C < 2 2 3  > 7 5 8 3 ( 1 8 ) 5 9 3 1  ( 4 ) 113 3 8 ( 9 ) 6 5 (  5  )*
C < 2 2 4 > 8 5 7 5 ( 1 2 ) 5 7 6 2 ( 5 ) 1 1 6 5 6 ( 1 8 ) 9 4 ( 7 ) *
C < 2 2 5 > 9 3 5 6 ( 1 8 ) 5 8 1 2 ( 4 ) 11013(9> 6 7 ( 5 ) *
C < 2 2 6 > 9 1 4 8 ( 9 ) 6 0 2 2 ( 3 ) 1 0 0 0 4 k 9 ■ 4 9 ( 4 ) *
C <231> 9 0 3 3 ( 7 ) 6 6 4 1 ( 3 ) 8 0 4 3 ( 8 ) 4 1 ( 4 ) *
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Table 43 continued
C < 2 3 2 > M I K I ) 6 7 1 4 ( 3 ) 6 9 2 7 ( 9 ) 5 0 (  4  ) 4
C k 2 3 3  ) 1 8 1 0 3 ( 1 0 ) 6 9 8 2 k 4 > 6 7 5 8 ( 1 3 ) 7 9 ( 7 ) 4
C < 2 3 4  > 1 6 9 1 1 < 1 8 ) 6 9 9 9 ( 4 ) 7 6 8 8 ( 1 3 ) 7 5 ( 6 ) 4
C < 2 3 5 > 1 8 7 9 9 k 9 > 6 9 3 2 ( 4 ) 8 7 8 8 ( 1 3 ) S 0 (  6  >4
C ( 2 3 6 ) 9 8 6 7 ( 9 ) 6 7 5 8 (  4  ) 8 9 6 9 k 1 8 ) 7 2 ( 6 ) 4
C (  3 1 1  ) 3 2 7 0 ( 3 > 6 5 8 5 ( 3 ) 2 6 7 3 ( 8 ) 4 2 ( 4 ) 4
C k 3 1 2 > 2 4 4 1 ( 1 8 ) 6 4 8 2 ( 4 ) 1 7 2 2 ( 9 ) 5 7 ( 5 ) 4
C < 3 1 3 > 2 7 1 0 <  14> 6 2 8 4 ( 4 ) 6 9 7 ( 1 0 ) 8 4 ( 6 ) 4
C (  3 1 4  ) 3 8 1 3 ( 1 5> 6 2 8 2 k 6  ) 6 2 6 (  1 2 ) 1 1 6 ( 1 8 ) 4
C< 3 1 5  ) 4 6 6 2 k 1 3 ) 6 3 8 1 ( 4 ) 1 5 9 5 (  11 ) 7 7 ( 6 ) 4
C ( 3 1 6 ) 4 3 7 8 ( 1 8 ) 6 4 7 5 ( 4 ) 16 1 6 k 9  > 5 7 ( 5 ) 4
C ( 3 2 1  ) 3 3 7 6 ( 7 ) 7 1 1 9 ( 3 ) 4 2 0 7 ( 8 ) 3 3 ( 3 ) 4
C < 3 2 2 ) 3 8 4 8 ( 1 8 ) 7 2 8 7 ( 4 ) 3 4 8 6 (  1 0 ) 6 0 ( 5 ) 4
C (  3 2 3  > 4 0 5 0 ( 1 0 ) 7 6 8 4 ( 4 ) 3 4 8 0 ( 1 2 ) 6 7 ( 6 ) 4
C < 3 2 4 ) 3 8 9 2 ( 1 1 ) 7 8 4 9 ( 4 ) 4 3 9 1 ( 1 2 ) 7 2 ( 6 ) 4
C < 3 2 5 > 3 4 4 4 ( 1 3 ) 7 6 8 6 ( 5 ) 5 2 8 5 ( 1 2 ) 8 3 ( 7 ) 4
C< 3 2 6 > 3 2 8 8 ( 1 1 ) 7 3 1 8 ( 4 ) 5 1 4 0 ( 1 8 ) 7 4 ( 6 ) 4
C (3 3 I> 1 5 8 1 ( 7 ) 6 6 3 7 ( 4 ) 3 8 4 7 ( 8 ) 4 8 ( 4 ) 4
C ( 3 3 2  > 9 6 5 ( 8 ) 6 3 5 4 ( 4 ) 4 1 9 6 ( 9 ) 5 4 ( 5 ) 4
C < 3 3 3 > - 1 7 8 ( 9 ) 6 3 3 9 ( 5 ) 4 0 0 7 ( 1 1 ) 7 4 ( 6 ) 4
C< 334 > - 7 6 6 (  1 8 ) 6 6 2 7 ( 5 ) 3 4 6 1 ( 1 1 ) 7 1 ( 6 ) 4
C< 335 > - 2 6 3 (  1 8 ) 6 9 3 2 ( 5 ) 3 1 2 7 ( 1 3 ) 9 5 ( 8 ) 4
C<3 3 6 > 8 7 1 ( 9 ) 6 9 2 4 ( 4 ) 3 3 1 6 ( 1 1 ) 6 9 ( 5 ) 4
*  E q u i v a l e n t  i s o t r o p i e  U d e f i n e d  a s  o n e  t h i r d  o f t h e  
t r a c e  o f  t h e  o r t h o g o n a l  i s e d  U t e n s o r  
i i
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[a ra r fw ^ ^ e '-A u iC B g a ,^ ] lAuWcyclo-CgH,, )3>2] (10).
Table 44. In teraton ic d istances (pm ), with standard
deviations in  parenthesis, fo r
Au ( 3  ) - F ( l )  
A u ( 9 ) - A u ( 9 a )  
AuK 9  ) - B (  1 0 8 )  
A u ( 9 ) - B ( 1 1 4 )  
A u ( 9 ) - B ( 1 2 0 )  
A u ( 9 ) - B ( 2 1 5 )  
A u (  9 ) - B (  2 1 7  )  
A u ( 9 ) - B < 2 2 0 )  
A u ( 9 a ) - B ( 1 8 8 )  
A u ( 9 a ) - B (  1 1 4 )  
A u ( 9 a ) - B < 1 1 8 )  
A uk 9 a ) - B ( 2 1 4 )  
A uk 9a  ) - B ( 2 2 0 )  
P< 1 ) - C (  321 )
P (  2  ) - C (  411 )
P< 2  ) ~ C (  431 )
B < 1 8 1 ) - B < 1 0 3 )  
K i l l  ) - B <  103 >  
B < 1 0 2 ) - B < 1 0 3 )  
B (  182  >-C< 106  > 
B < 1 0 3 ) - B < 1 04>  
B( 183  ) - B (  1 0 8  )  
B < 1 8 4 ) - B ( 1 1 8 )  
B < 1 0 5 ) - B < 1 1 9 )  
B < 1 9 7 ) - B ( 1 9 8 )  
B (  111 ) - B (  1 1 3 )  
B (  111 ) - B <  1 1 5 )  
B ( 1 1 1  ) - B ( 2 1 1 >  
B k 111 ) - B <  2 1 3 )  
B < 1 1 1 ) - B ( 2 1 7 )  
B< U 2 ) - B <  1 1 3 )  
B < 1 1 2 ) - C < 1 1 6 )  
0 ( 1 1 2 ) - B ( 2 1 t )  
B< 1 1 2  ) - B <  2 1 3  )  
B< 1 1 3  ) - B <  1 1 4 )  
B< U 3 ) - B <  1 1 8 )  
B< 1 1 3  ) - B (  2 1 2  )  
B< 1 1 3 ) - B <  2 1 5 )  
B'. 113  ) - P ‘. 2 2 9  )  
B k 114 ) - B (  1 2 9 )  
B< 114 ) - B < 2 1 5 )  
B (  114 ) - B <  2 1 7  )  
B (  U 5 ) - C (  1 1 6 )  
B< U 5 ) - B ( 2 1 3 )  B- I!9>*K1I7) 
C< 1 16  ) - B <  1 1 7 )  
C< U 6 ) - B < 2 1 3 )  
C< U 6 ) - B < 2 2 0 >  
B< U 7 ) - B < 211  )
2 . 3 2 9 < 4 )
1 0 2 2 ( 3 )
2  3 0 3 k 2 4 )  
2  2 3 7 ( 4 9 )  
2  2 7 5 ( 4 2 )  
2  6 2 4 ( 5 7 )  
2  9 8 4 ( 4 8 )  
2  1 9 3 ( 5 0 )  
2  3 7 9 ( 2 1 )  
2  9 1 1 ( 5 4 )  
2  5 2 7 ( 4 1 )  
2  2 0 3 ( 3 8 )  
2  1 4 6 ( 4 6 )  
1 . 8 1 6 ( 1 9 )  
1 8 1 1 ( 2 4 )  
1 8 1 7 ( 2 0 )  
1 8 1 3 ( 3 8 )  
1 8 2 8 ( 4 1 )  
1 8 9 1 ( 4 6 )  
1 7 5 5 ( 3 2 )  
1 8 0 9 ( 3 4 )  
1 7 5 8 ( 3 3 )  
1 7 8 5 ( 4 4 )  
1 8 3 4 ( 3 9 )  
1 7 2 6 ( 4 1 )  
1 9 0 4 ( 7 5 )
1 8 3 1 ( 6 4 )
2  1 2 6 ( 8 6 )  
1 1 2 1 ( 8 2 )  
1 1 0 2 ( 6 6 )  
1 7 2 7 k 6 3 )  
1 7 9 2 k 5 3 )  
1 9 1 1 ( 6 3 )  
1 1 9 7 ( 6 9 )  
1 7 6 8 ( 7 2 )  
1 9 0 6 k 5 9 )  
1 1 3 2 k 8 5 )
1 1 9 2 ( 7 2 )
2 9 2 7 k 7 8 )  
1 8 7 8 ( 6 6 )  
1 2 2 7 ( 9 2 )  
1 7 9 7 ( 7 2 )  
1 9 1 3 ( 5 8 )  
9 9 5 3 ( 6 0 )  
1 9 9 9 ( 7 0 )
1 7 1 6 ( 5 3 )
2 8 0 1 ( 7 3 )  
2  2 5 5 ( 5 7 )  
1 9 3 8 ( 8 1 )
A u ( 3 ) - P ( 2 )  2
A u ( 9 ) - B (  194 )  2
A u ( 9 ) - B ( 1 1 8 )  2  
A u ( 9 ) - B ( U 8 )  2
A u ( 9 ) - B ( 2 1 4 )  2
A u (9 )-C (2 1 6 ) 2
A u (  9  ) - B (  2 1 8  )  2
A u ( 9 a ) - B (  104 )  2  
A u ( 9 a ) - B (  1 1 8 )  2  
A u ( 9 a ) - C (  1 1 6 )  2  
A u ( 9 a ) - B (  1 2 0 )  2  
AuK 9a  ) - B (  2 1 8  )  2  
P (  1 ) - C (  3 1 1 )  1
P (  1 ) - C (  331 )  1
P ( 2 ) - C ( 4 2 1 )  1
B (  101 ) - B (  1 8 2 )  1 
B (  191 ) - B (  1 8 4 )  1 
B (  181 ) - B (  1 1 0 )  1 
B (  1 8 2 ) - B (  1 8 5 )  1 
B (  1 8 2 ) - B (  1 8 7 )  1 
B (  1 8 3 ) - B (  1 8 7 )  1 
B (  1 0 4 ) - B (  1 8 8 )  1 
B (  1 8 5 ) - C (  1 0 6 )  1 
C (  1 8 6 ) - B (  1 8 7 )  1 
B k 111 ) - B (  1 1 2 )  1 
B ( 111 ) - B (  1 1 4 )  1 
B< 111 ) - B (  1 2 8 )  1 
B (  111 ) - B ( 2 1 2 )  0 
B (  111 ) - C ( 2 1 6 )  1 
B k 111 ' • - 6 ( 2 1 8 )  2  
B (  U 2 ) - B (  1 1 5 )  1 
F ‘ ! ! * > - # <  1 1 7 )  1 
B k 112 - F -. 2 1 2  > 1 
B ( 1 1 2 ) - B ( 2 1 4 )  1 
B (  U 3 ' - B (  1 1 7 '  1 
B k U 3 ) - B ( 211 )  1 
B (  113 ) - B (  2 1 3  )  2  
B k 113 ) - C ( 2 1 6 )  2  
B k 1 1 4 > - B k 1 1 8 ) 1  
B k 114 ) - B k 2 1 2 )  1 
B (  114 ' • - € ( 2 1 6  > $  
B k 114 ) - B k 2 2 0  > 2 
B (  U 5 ) - B (  1 2 8 )  1 
B k 1 1 5 ^ - 8 ( 2 1 4 )  1 
B k 115 ) - B (  2 1 8  )  1 
C (  116  ) - B k 2 1 1 )  1 
C ( 1 1 6 ) - B ( 2 1 4 )  9 
B k U 7 ) - B <  1 1 8 )  1 
B k 1 1 7 ) ^ 0 ( 2 1 4 )  1
3 1 2 ( 4 )  
4 9 9 ( 2 6 )  
3 4 8 ( 2 5 )  
1 9 5 ( 4 0 )  
6 4 8 ( 4 2 )  
6 7 9 ( 4 1  ) 
3 9 4 ( 3 8 )  
8 6 3 ( 2 3 )  
2 7 4 ( 2 6 )  
9 9 9 ( 2 9 )  
6 0 5 ( 4 8 )  
2 9 0 ( 4 1 )  
8 1 8 ( 1 8 )  
. 8 5 6 ( 2 4 )  
9 8 2 ( 1 7 )  
7 5 2 ( 3 7 )  
8 0 3 ( 3 7 )  
. 7 8 5 ( 3 4 )  
8 3 4 ( 3 8 )  
8 4 2 ( 3 6 )  
7 9 3 ( 3 9 )  
8 9 2 ( 3 6 )  
8 0 7 ( 3 1  ) 
7 7 1 ( 4 2 )  
8 9 3 (  7 4 )  
7 5 0 ( 6 5 )  
7 8 5 ( 5 8 )  
8 8 4 ( 7 3 )  
9 8 7 (  5 9 )  
1 7 2 ( 6 2 )  
91 K  5 2  ) 
8 1 7 ( 6 2 )  
7 6 0 ( 7 7 )  
9 2 7 k 5 2 )  
7 8 5 ( 8 8 )  
8 2 9 k 8 3 )  
1 2 4 ( 6 9 )  
2 8 1 ( 7 8 )  
8 6 9 ( 7 8 )  
5 5 8 ( 6 6 )  
7 6 2 ( 8 8 )  
2 4 3 ( 8 8 )  
7 9 3 ( 6 8 )  
64 4( 6 2 )  
1 7 2 ( 5 8 )  
8 4 2 ( 6 6 )  
8 7 2 (  5 5 )  
9 5 1 ( 6 2 )  
8 1 8 ( 6 0 )
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Table 44 continued
Pi 1 1 7 ' -  
Pl 118 ) -  
PI 1 1 8 ) -  
B< 128 ) -  
B k  1 2 e > -  
B < 2 1 i > -  
B< 211  ) -  
B (  2 1 2 ) -  
B ( 2 1 2 ) -  
B < 2 1 3 ) m 
B (  2 1 3 ) -  
B (  2 1 4  ) -  
B (  2 1 5 ) -  
B <  2 1 7 ) -  
Cl 3 1 1  )•  
C < 3 1 3 )•  
C <  3 1 4 ) -  
€ ( 3 2 1 ) -  
C <  3 2 2  .)■ 
Cl 324 >■ 
C< Jll >■ 
C! JJ2>- 
C< 3 3 3 > •  
Ci JJ? >• 
C < 4 1 1 )•  
Ci 4 / ?>* 
C < 4 1 3 ) -  
C< 421 >• 
Ci 423 >■ 
Cl 424 
€< 4 31  >• 
€ < 4 3 2  >• 
Ci 4J4 >
B< 2 1 5 )  2  
B< 211  > 2. 
B < 2 2 B > B 
C < 2 1 € )  2  
B ^ 2 1 S '  1 
B < 2 1 3 )  1 
B < 2 1 5 )  1 
B< 2 1 3  > 1 
C< 2 1 6 )  1 
B < 2 1 4 )  1 
B< 2 1 8 )  I 
B < 2 2 8 )  1 
•B< 2 2 8  )  1 
■B< 2 1 8 )  1 
•C< 3 1 6 )  1 
‘€<314) 1 
‘C< 3 1 6 )  2  
■ C < 3 2 2 )  1 
•C< 3 2 3  )  1 
‘€ < 3 2 5 )  1 
•Cl 3 3 2 )  1 
C < 3 3 3 '  1 
•Cl 335) 2  
€ < 3 3 6 )  1 
• C < 4 1 6 )  1 
•Cl 4 M  ) 1 
• € < 4 1 6 )  1 
•C l4 2 6 )  1 
•C < 4 2 4 ) 1 
-Cl 425 > 1 
-€ < 4 3 2 > Ì 
■ C < 4 3 3 '  1 
- € < 4 3 5 •  1
1 7 2 0 1  )  
1 3 7 < 6 8 )  
9 1 5 < 7 1 )
1 2 6 < 6 B )  
827<  7 3 )  
7 6 5 < 7 7 )  
8 6 8 < 84  )  
5 7 4 < 7 6 )  
8 5 5 < 6 5 )  
821 < 7 2 )  
772< 5 9  )  
7 7 8 < 6 3 )  
6 1 4 . 9 3 )  
78<X 72  )  
476<  2 4 )  
4 3 K 3 9 )  
3 8 B < 3 9 )  
530*. 2 1  > 
5 0 4 < 3 0 )  
51 7< 2$ > 
4 6 2 0 5 )  
4 9 7 0 2 )  
3 2 7 k 31 )  
4 4 2 < 3 5 )  
5 3 0 < 2 7 )  
5 3 1 k 3 S > 
4 5 K 3 8  )  
4 0 6 < 2 9 )  
397- 3 7 )  
4 7 9 < 2 8 )  
5 4 9 < 2 2 )  
5 O 0 < 3 1 )  
4 71 < 2 8 )
B < U 7 ) - i  
S'  n s '  
B< 128  >-i 
pi 1 2 a  >-i 
B < 2 1 1 >-i 
B< 211 >- 
B (2 1 1  )- 
B (  2 1 2 ) -  
B< 2 1 2 ) -  
B< 2 1 3  )•  
B< 214  )•  
B< 2 1 5  )•  
€ < 2 1 6 ) m 
C< 311 >• 
C< 3 1 2  )•  
C < 3 1 4 ) ‘ 
C< 315  )• 
€<321 )• 
€< 3 2 3 ) '  
Cl 325  )• 
Ci 331 )• 
€< 3 3 3  ) -  
C<334  )  
€<411  )  
C l4 1 2 )  
Cl 4 1 4 )  
€<421  )  
€ ( 422  )■ 
€ < 4 2 3 )  
€ < 4 2 5 )  
€<431 )  
Cl 4 3 3  ' 
Ci 4 3 5  )
B< 2 2 0  > 
B< 2 1 5 )  
B< 2 1 3 )  
B< 2 1 7 )  
B ( 2 1 2 )  
B< 2 1 4  )  
B < 2 2 8 )  
B< 2 1 5 )  
B< 2 1 7 )  
B < 2 1 7 )  
B < 2 1 8 )  
■C< 2 1 6 )  
B < 2 1 7 )  
■€< 3 1 2 )  
C < 3 1 3 )  
‘C< 3 1 5 )  
C < 3 1 6 )  
•Cl 3 2 6  )  
•Cl 324  )  
‘ € < 3 2 6 )  
•Cl 3 3 6 )  
•Cl 334  )  
C < 3 3 5 )  
• C < 4 1 2 )  
‘ € < 4 1 3 )  
-Cl 415 > 
- C < 4 2 2 )  
Cl 42J ) 
- € < 4 2 5 )  
-C l 4 2 0  
-C l 4 3 6 )  
-C l 4 3 4 )  
-C l4 3 6 >
1 3 5 5 < 6 2 )  
1 8 1 6<  8 3 )  
9 7 8 ( 6 5 )  
9 7 8 ( 6 6 )  
6 7 1 19 4 )  
8 5 0 ( 6 5 )  
7 8 8 ( 6 5 )  







1 8 0 8 ( 7 2 )  
1 7 8 8 ( 8 0 )  
1 . 7 4 7 <  7 0 )  
1 7 6 8 ( 9 1 )  
1 7 5 1 ( 6 0 )  
1 4 2 9 ( 2 9 > 
1 5 4 2 ( 3 2 )  
3 6 4 ( 3 6 )  
4 5 8 ( 3 2 )  
4 9 3 ( 2 6 )  
4 7 3 <  3 3 )  
5 8 0 ( 3 0 )  
3 3 3 ( 3 7 )
1 2 9 8 ( 4 5 )  
1 3 5 6 ( 3 3 )  
1 4 7 2 ( 3 8 )  
1 5 8 6 ( 4 8 )  
1 5 8 9 ( 4 5 )  
1 5 5 2 ( 2 4 )
1 5 7 3 ( 2 8 )
2  3 7 9 ( 3 2 )  
1 4 9 5 ( 2 7 )  
1 5 5 6 ( 2 8 )  
1 5 2 9 ( 3 4 '  
1 4 9 1 ( 3 0 )
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Tfrble 45.
[arachna-9t6.6,-Au((B0H12)I ] [Au(P(cyclo-C6H11 )3>2J (10)
Interband angles ( ° ) , with standard
deviations in parenthesis, far
F k 1 ) - A u (  3  ) - F (  2 ) 176 . 3 ( 2 )
A uk 9 s  ) -AUK 9 ) - B k 1 8 8 ) 81 . 6 (  8  )
A uk 9 s ) - A uk 9 ) - B k 1 1 8 ) 73 2 ( 8 )
B k 1 9 8 ) - A uk 9  >- B k 1 1 0 ) 81 8 ( 9 )
B> 1 *4 >- A w  9  ) - B < 114 ) 174 9 ( 1 7 )
B k 1 1 9 ) - A uk 9 ) - S ’ 1 1 4 ) 148 5 ( 1 7 )
B k 194 >-Au< 9 ) - B k 1 1 8 ) 126 2 ( 1 4  )
B ■ > 9 ) - A uk 9 ) - 8 ( 1 1 8 ) 168 4 ( 1 6 )
A uk 9 s  ) - A uk 9  > - B k 1 2 8 ) 97 8 (  1 3 )
B < 1 9 8 ) - A uk 9  )■- B (  1 2 8 ) 177 6 ( 1 3 )
B < 114 ) - A uk 9 ) -B k 1 2 8 ) 49 2 ( 1 7 )
A u ( 9 s ) - A uk 9  '■ - B k 2 1 4  ) 53 . 7 ( 1 8 )
Bk 198  ) - A uk 9 ) - B k 2 1 4  ) 121 1 ( 1 3 )
B (  1 1 4 ) - A uk 9 )■-B k 2 1 4  ) 68 4 ( 1 7 )
B k 1 2 8 ) - A uk 9  ' - B ( 2 1 4  ) 59 8< 1 7  )
B k 194  >-AuK 9  >■ -Bk 2 1 5  ) 148 3 ( 1 8  )
B ( 1 1 9 >- A uk 9  '■ -B k 2 1 5 ) 167 9 ( 1 7 )
B (  1 1 8 ) - A uk 9  ) - B (  2 1 5  ) 22 1 ( 2 1  )
B (  2 1 4  >•- A uk 9 ) - -B k 2 1 5  ) 6 3 6 ( 1 7 )
B k 184  >•- A u (  9  ) - C (  2 1 6  ) 178 5 (  11 )
B k 1 1 8 ) - - A u (  9  >■• C (  2 1 6 ) 138 6 ( 1 2 )
B< 1 1 8  ) - A u (  9 ) - - € ( 2 1 6 ) 68 7 ( 1 6 )
B (  2 1 4  )•-A uk 9  ) •■ € ( 2 1 6 ) 81 6 ( 1 3 )
A u (  9 s  >■ -A uk 9  ) - ■B( 2 1 7 ) 187 4 (  1 8 )
B k 198  >•-Au <  9  ) - B (  2 1 7  ) 167 6 (  11 )
B (  114 ) ' - A u (  9  ) - B (  2 1 7 ) 34 6 ( 1 6 )
B k 128  ) - A u (  9  ) - B (  2 1 7  ) 14 8 (  1 5 )
B < 2 1 5 ) •- A uk 9  ) - ■B K217) 59 2 ( 1 7 )
Au< 9 s  >--Auk 9  ) - •B( 2 1 8 ) 71 8 ( 1 2 )
B k 198  ) - A u <  9  ) - B (  2 1 8  ) 153 4 ( 1 5 )
B <  1 1 4 ) - Auk 9  >-■Bk 2 1 8 ) 6 5 3 ( 1 6 )
B k 1 2 9 ) - ■Auk 9  ) - B k 2 1 8  ) 2 5 2 (  1 8 )
B ( 2 1 5 ) - ■Auk 9  ) - B k 2 1 3 ) 8 8 1 ( 1 6 >
P ■Auk 9  ) - Bk 2 1 8  ) 3 6 6 ( 1 5 )
B k 194  >-■Auk 9  ) - 8 ( 2 2 8 ) 114 2 ( 1 6 >
B k 1 1 0 ) - A uk 9 Bk 2 2 8 ) 147 0K 1 6 )
B k U 8 ) - A u < 9 ) - Bk 2 2 8  ) 24 1 ( 1 8 )
B k 2 1 4 ) - A uk 9  ) - Bk 2 2 8  ) 41 8 k 1 5 )
C (  2 1 6  ) - A uk 9  ) - 6 ( 2 2 8 ) 74 6 ( 1 7 )
B k 2 1 8  ) - A uk 9 ) - Bk 2 2 8 ) 77 8 (  1 6 )
A u ( 9 ) - A u ( 9 s ) - B ( 1 8 8 ) 73 3 ( 8 )
AuK 9  ) - A u (  9 s  ) - B k 1 1 8 ) 81 3 (  8  >
B k 1 9 8 ) - A uk 9 s  ) - 8 ( 1 1 0 ) 81 8 (  9  )
B k 1 9 4 ) - Auk 9 s  ) - B k 1 1 4 ) 143 5 ( 1 3 )
B< 1 1 0 ) - A uk 9 s  >- B k 1 1 4 ) 112 1 ( 1 4 )
B k 184 ) - A uk 9 s  ) - € ( 1 1 6 ) 145 6(11 )
B ( l t $ )- AuK 9 s  ) - C ( 1 1 6 ) 140 6 ( 9 )
A u (  9 s  ) - A u (  9  '-£»< 1 0 4  > 
B (  1 0 4  ) - A u (  9  ) - B (  1 0 8  )  
B (  1 0 4  ) - A u ( 9 > - B (  1 1 0 )  
AuK 9 s ) - A u (  9  ) - B (  1 1 4 )  
B (  1 8 8 ) - A u ( 9 > - B (  1 1 4 )  
A u ( 9 s  ' - A u ( 9 ' - B (  1 1 8 )  
B (  1 8 8  ) - A u <  9  > - B <  1 1 8 )  
B< 1 1 4  >-Au k 9 ' - B (  1 1 8  ) 
B< 1 0 4  ' - A u ( 9 ) - B (  1 2 8 )  
B ( 1 1 0 ) - A u ( 9 ) - B ( 1 2 0 > 
B (  1 1 8  ) - A u (  9  ) - B <  1 2 0  )  
B< 1 0 4  > - A u (  9  ) - B (  2 1 4  )  
B (  1 1 8  ) - A u (  9  ) - B (  2 1 4 )  
B < 1 1 8 ) - A u ( 9 ) - B < 2 1 4  > 
A u ( 9 s ) - A u (  9  > - B <  2 1 5  )  
B< 1 0 8  ) - A u (  9  i - B K  2 1 5  > 
B < 1 1 4 ) - A u ( 9 ) - B ( 2  I S )  
B< 1 2 8  ) - A u ( 9 ) - B ( 2 1 5 )  
Auk 9 s >-Ao( 9 > - C < 2 1 6 )
B < 1 0 8 ) - A u ( 9 ) - C ( 2 1 6 )  
B < 1 1 4 ) - A u ( 9 >-C(2 1 6 >  
B < 1 2 8 > - A u < 9 > - C < 2 1 6 )  
B ( 2 1 5 ) - A u ( 9 ) - C ( 2 1 6 )  
B (  1 0 4  ) - A u (  9  ) - B <  2 1 7  )  
B k 1 1 8 ) - A u ( 9 ) - B ( 2 1 7 )  
B< 1 1 8  ) - A u (  9  ) - B (  2 1 7  > 
B< 2 1 4  > - A u ( 9 > - B ( 2 1 ? )  
€ ( 2 1 6 ) - A u ( 9 ) - B < 2 1 2 )  
B k 1 9 4  A u ( 9 ' - B ( 2 1 8 )
B< 1 1 9  ) - A u (  9  ) - B <  2 1 8  )  
B< U 8 ) - A u ( 9  - > - B < 2 1 8 )  
B< 2 1 4 ) - A u ( 9 > - B ( 2 1 8 )  
C< 2 1 6  > - A u <  9  > - 8 ( 2 1 8 *  
A u k 9 a  ) - A u <  9  ' - B k 2 2 8  )
B< 1 0 8 ' - A u < 9 > - 8 < 2 2 9 )  
B< 114 ) - A u < 9 ) - B < 2 2 8 >  
B< 1 2 9 ) - A uk 9 B (  2 2 9  )
B k 2 1 5  > -A u<  9  ) - B <  2 2 8  )  
B k 2 1 7  ) - A u <  9 ) - B (  2 2 9  )  
A uk 9  ) -A u <  9 *  ) - B <  194 ) 
Bk 184 ) - A u < 9 a ) - B <  1 9 8 )  
B< 194 ) - A u k 9 s  > -B <  1 1 9 )  
A u < 9 > - A u <  9 * ) - B <  1 1 4 )
B k 1 9 8 ) - A u < 9 *  > - B (  114 )
A u ( 9 ) - A u < 9 4  ) - C <  1 1 6 )  
B < 1 9 8 ) - A u < 9 * ) - C < 1 1 6 )
B k 114 ) - A u <  9 s  ) - C < 1 1 6 )
5 3  5 ( 6 )  
4 6  2 ( 9 >  
4 3  1 ( 1 9 )  
1 2 2  1 ( 1 5 )  
1 3 3  3 ( 1 5 )  
9 6  7 ( 1 3 )  
9 1  2 ( 1 2 )  
4 9  9 ( 2 9 )
1 3 1  4 ( 1 3 )  
9 5  9 ( 1 3 )  
9 9  9 ( 1 5 )
1 9 7  3 ( 1 2 )  
1 1 3  1 ( 1 1 >
6 2  8 ( 1 4 )  
1 1 0  2 k i t  >
1 1 0  9 ( 1 6 )  
2 7  8 ( 2 2 )
7 2  3 ( 1 8  ) 
1 3 5  1 ( 9 )
1 3 2  3 ( 1 1 )  
1 4  6 ( 1 8 )  
5 9  0 ( 1 5 )  
3 8  9 ( 2 8 )
1 4 6  2 ( 1 D
1 9 8  8 ( 1 2 )  
7 9  4 ( 1 4 )  
6 1  6 ( 1 5 )  
3 5  5 k I )
1 1 3  3 ( 1 2 )
9 0  3< 11  >
9 1  9 ( 1 4 )  
4 9  2 ( 1 6 )  
7 1  9 ( 1 4 )
7 3  8 ( 1 4 )  
9 5  0 ( 1 5 )  
6 9  8 ( 2 1 )  
8 6  4 ( 1 7 )  
3 7  8 ( 2 3 )  
7 9  7 ( 1 7 )
1 9 3  9 ( 8 )  
4 9  8 ( 9 )  
4 8  3 ( 1 1 )  
4 0  6 ( 1 0 )  
1 8 3  5 ( 1 2 )
1 1 1  1 ( 7 )  
1 3 7  2 ( 9 )
7 9  5 ( 1 2 )
304
Table 45 continued
A u (  9  ) - A u (  9  a ) - B (  1 1 8 )  5 9  6 ( 1 1 )
B k 1 8 8  ) - A u (  9 a  ' - B (  1 1 8  )  81 8 k 1 0 '
B k 1 1 4 ) ~ A u ( 9 a > - B ( 1 1 8 )  3 9  4 (  1 6 )
A u <  9  ) - A u (  j ) - B (  1 2 8  )  6 8  1 (  1 8  )
B k 1 8 8  ) - A u (  9 a  > - B <  1 2 8  )  1 3 3  3 <  1 3 )  
B k 1 1 4  ) - A u (  9 a  ) - B <  1 2 8  > 3 9  3 <  1 4  )
B < 1 1 8 ) - A u (  9 a ) - B ( 1 2 8 >  7 6  . $ (  1 4  >
B < 1 8 4  ) - A u (  9 a  > - B (  2 1 4 )  1 5 2  7 (  1 5  )  
B < 1 1 8  ) - A u (  9 a  ) - B (  2 1 4 )  1 3 7 . 4 ( 1 3  )  
C< 1 1 6  ) - A u (  9 a  ) - B (  2 1 4 )  7  9 <  1 5  )
B < 1 2 8  ) - A u (  i» a  ) - B (  2 1 4 )  6 8  5 <  1 7  )
B (  1 8 4  ) - A u (  9 a  ) - B <  2 1 8 )  1 3 9  7 k 1 3  > 
B < 1 1 8  )-A u ( 9a ) - B <  2 1 8  )  9 4  9 <  1 3  )
C< 1 1 6 ) - A u (  9 a  ) - B < 2 1 8 )  5 2  . 4 ( 1 4 )
B < 1 2 8  ) - A u (  9 a  ) - B (  2 1 8 )  2 3  1 ( 1 6 )  
A u (  9  > - A u (  9 a  ) - B <  2 2 8  )  7 9 . 8 ( 1 6  )
B < 1 8 8  ) - A u (  9 a  > - B (  2 2 8  )  9 4  1 ( 1 4 )  
B k 1 1 4 ) - A u ( 9 a ) - B ( 2 2 8 )  4 9  9 ( 2 8 )
B< 1 1 8  ' - A u k »3 ) - B < 2 2 8  )  2 0  . 6 k I S '
B < 2 1 4  ) - A u (  9 a  ) - B (  2 2 8  '  4 8  2 ( 1 6 )
A u (  3  ) - P (  1 > - C (  3 1 1 )  1 1 1 . 4 ( 6 )
C (  3 1 1  ) - P <  1 ) ~ C (  3 2 1  )  1 8 8  7 ( 9 )
C (  3 1 1  ) - P (  1 ) - C (  3 3 1  )  1 8 5  5 ( 1 8 )
A u (  3  ) - P (  2  ) - C (  4 1 1  )  1 1 3 . 9 ( 8 )
C ( 4 U  ) - P ( 2 ) - C ( 4 2 1  )  1 8 7  6 ( 1 1 )
C ( 4 1 1  ) - P (  2  ) - C (  4 3 1  )  1 8 8  4 ( 9 )
B (  1 8 2  ) - B (  18 1 > - B (  1 0 3  )  6 8  7 (  1 6  )
B (  1 8 3  ) - B (  1 8 1  ) - B (  1 8 4  )  6 8 . 8 ( 1 4  )
B< 1 8 3  ) - B (  181  ) ~ B (  1 8 5 )  1 8 8 . 2 ( 1  7  )  
B ( 1 8 2 ) - B ( 1 8 1 ) - B ( 1 1 8 )  1 1 2  4 ( 1 8 )  
B k 1 8 4  ) - B (  1 8 1  ) - B (  1 1 8  )  5 9  . 7 ( 1 5  )
B (  181  >-B (  1 8 2 ) - B k 1 8 3  > 6 1  3 (  1 6 )
B (  1 8 3 ) - B (  1 8 2  ) - B (  1 8 5  )  1 8 8  4 ( 1 8  ' 
B (  1 8 3  ) - B (  1 8 2  ) - € (  1 8 6  )  1 8 9  3 ( 1 8  )  
B k 181 B (  1 8 2  ) - B <  1 8 7  ' 1 8 7  4 (  1 9  ' 
B ( 1 8 5 ' - B < 1 8 2 ) - B k 1 8 7 )  1 8 4  4 ( 1 5 )  
B ( 181 ) - B ( 1 8 3 ) - B ( 1 8 2  )  5 8  8 ( 1 5  )
B k 1 8 2  ) - B (  1 8 3  ) ~ B (  1 8 4  > 1 8 7  3 (  2 8  )  
B k 1 8 2  ) - B <  1 8 3  ) - B (  1 8 7  > 61 7 ( 1 5  >
B k 101  > - B (  1 8 3 ) - B '  1 0 8  ' 11 1 4 ( 1 7 >  
B k 1 8 4  >-•< 1 8 3  ) - B (  1 8 8  > 6 4  1 (  1 3  )
0UK 9  ) - B (  1 8 4  9 a  ' 2 3  5 (  3  >
8 u ( 9 a  ) - B (  1 8 4 ) - B k 1 8 1  )  1 2 7  9 (  1 9 )  
0UK 9 a  ) - B k 1 8 4  ' - B (  1 0 3 )  1 2 7  6 (  1 6  )  
8 u (  9  ) ~ B (  1 0 4  ) ~ B (  1 8 8  > 6 1  4 ( 1 0 )
B< 181 ) - B k 1 8 4  ) - B (  1 8 8 )  1 8 5 . 9 ( 1 8 )  
0UK 9  ) - B k 1 0 4  ) - B (  1 1 0  )  6 4  0 (  1 2  )
B k 181 ) - B k 1 8 4  ) - B (  1 1 0 )  5 9 . 6 ( 1 5 )
B ( 1 0 8 ) - B ( 1 8 4 ) - B ( 1 1 8 )  1 1 1  9 ( 2 1 )  
B k 101  ) - B (  1 0 5 ) “ C (  1 0 6 )  1 8 6  8 k I S )  
B k 181 ) - B k 1 8 5  ) - B <  1 1 8  » 5 8  3 ( 1 5 )
C (  1 8 6  ) - B k 1 8 5 ) - B (  1 1 0 )  1 1 5  7 ( 1 8 )  
B ‘ 1 8 2  ) - € •  1 8 6  ) - B (  1 0 7 )  6 3  0 (  1 6  )
B k 1 8 4  >-rto< 9 a  ) - B (  1 1 8 )  1 3 1  4 ( 1 1 )  
B (  1 1 8  ) - ñ u k  9 a  ) - B (  1 1 8  )  1 4 8  5 ( 1 3  )  
C (  1 1 6 ) - 0 u ( 9 a  ) - B (  1 1 8 )  6 7 . 8 ( 1 1  >
B k 1 8 4  ) - A u (  9 a  ) - B (  1 2 8 )  1 3 7  3 (  1 3  )  
B (  1 1 8  ) - 8 u (  9 a  ) - B (  1 2 8  )  8 9  2 (  1 2 )
C< 1 1 6  ) - A u (  9 a  ) - B (  1 2 8  )  6 8  2 ( 1 2 )
A u ( 9 ) - A u ( 9 a ) - B ( 2 1 4 )  1 8 4  3 ( 1 3 )
B (  1 8 8  ) - A u (  9 a  ) - B <  2 1 4  )  1 4 8  7 ( 1 3 )  
B (  1 1 4  ) - A u (  9 a  ) - B ( 2 1 4  )  6 3  8 ( 1 6 )
B ( 1 1 8  ) - A u (  9 a  ) - B (  2 1 4 )  6 4  9 (  14  )
A u ( 9 ) - A u ( 9 a ) - B < 2 1 8 )  8 3  1 ( 1 2 )
B (  1 8 8  ) - A u (  9 a  ) - B <  2 1 8 )  1 5 6  4 ( 1 5 )  
B (  1 1 4  ) - A u (  9 a  ) - B ( 2 1 8  )  5 6  0 ( 1 5 )
8 ( 1 1 8  ) - A u (  9 a  ) - B (  2 1 8  )  8 6  3 ( 1 4  )
B (  2 1 4  ) - A u (  9 a  ) - B ( 2 1 8  )  4 5  7 ( 1 7 )
B (  1 8 4  ) - A u (  9 a  ) - B (  2 2 8 )  1 3 9  1 ( 1 5 )  
B (  1 1 8  ) - A u (  9 a  ) - B (  2 2 8  )  1 6 8  2 ( 1 8 )  
C (  1 1 6  ) - A u (  9 a  ) - B (  2 2 8 )  4 8  6 ( 1 4 )
B (  1 2 8  ) - A u (  9 a  ) - B (  2 2 8  )  7 9  6 (  1 8 )
B ( 2 1 8 ) - A u ( 9 a ) - B ( 2 2 8 )  81 1 ( 1 7 )
A u (  3  ) - P (  1 ) - C (  3 2 1 )  1 1 0 . 6 ( 5  )
A u (  3 ) - P (  1 ) ~ C (  3 3 1  > 1 1 8  9 ( 7 )
C (  3 2 1  ) - P <  1 ) - C (  3 3 1  )  1 8 9  6 ( 1 8 )
A u (  3  ) - P (  2  ) - C (  4 2 1  )  1 8 9  5 ( 5 )
A u (  3  ) - P < 2  ) - C (  4 3 1  )  1 1 8  8 ( 5 )
C (  4 2 1  ) - P (  2  ) - C (  4 3 1  )  1 0 7  2 ( 9 )
B (  1 8 2  ) - B (  1 0 1  ) - B (  1 8 4  )  1 8 9  7 ( 1 8 )  
B (  1 0 2  > - 0 ( 1 0 1  ) - B (  1 0 5 )  61 6 ( 1 5 )
B (  1 8 4 ) - B (  1 8 1  ) - B (  1 0 5 )  1 8 7  2 ( 1 6 )  
B (  1 8 3  > - B (  1 8 1  ) - B (  1 1 0 )  1 8 9  3 (  1 6  )  
B (  1 8 5  ) - B (  1 8 1  ) - B (  1 1 0 )  6 1  8<  1 5  )
B< 1 0 1  > - B (  1 0 2  ) - B (  1 0 5  > 6 1 . 2 ( 1 5 )
B (  1 8 1  > - B (  1 0 2 ) - C (  1 0 6 )  1 1 1  7 ( 1 7 )  
B ( 1 8 5  ) - B ( 1 0 2 ) - C ( 1 8 6 )  6 8 . 4 ( 1 3 )
B (  1 8 3  ) - B (  1 8 2 ) - B (  1 8 7 )  5 8  9 ( 1 6 )
C (  1 0 6 ' - B (  1 8 2 > - B (  1 8 7 )  5 8  9 ( 1 5 )
B (  1 8 1  ) - B (  1 0 3  ) - B (  1 8 4  )  5 9  7 (  1 4  )
B k 181  ) - B (  1 8 3  ) - B (  1 8 7 )  1 8 6  9 (  2 8  > 
B (  1 8 4  ) - B (  1 8 3  ) - B (  1 0 7 )  1 8 7  9 ( 1 7  )  
B k 1 8 2  > - B (  1 8 3  ) - B (  1 8 8 )  1 1 8  1 (  2 0  )  
B (  1 8 7 ) - B (  1 8 3  > - B (  1 0 8 '  5 8  2 ( 1 5 )
Au ( 9  ) - B (  1 8 4  ) - B <  101  > 1 0 9  6 (  1 7  )
A u ( 9 ) - B (  1 8 4  ) - B (  1 8 3 )  1 8 7  6 ( 1 5 )
B (  1 0 1  ) - B (  1 0 4  > - B (  1 8 3  )  6 8  3 ( 1 4 )
A u k  9 a  ) - B (  1 0 4  ) - B (  1 0 8  )  7 3  8 ( 1 1  )
B (  1 8 3  ) - B (  1 8 4  ) - B (  1 0 8  )  5 6  7 ( 1 2 )
Au< 9 a  ) - B (  1 0 4  ) - B (  1 1 8 )  7 2 . 1 ( 1 2  )
B (  1 8 3  ) - B (  1 8 4  ) ~ B (  1 1 0 )  1 8 9  5 ( 2 8 )  
B (  1 8 1  ) - B (  1 8 5 ) - B (  1 8 2 )  5 7  2 ( 1 4 )
B k 1 8 2  > - B (  1 8 5 > - C (  1 8 6 '  5 7 . 6 ( 1 3 )
BK 1 8 2  ) - B (  1 8 5  ) - B (  1 1 8  )  1 8 6  5 ( 2 1  )  
B (  1 8 2  ) - C (  1 8 6  ) - B (  1 8 5  )  61 9 ( 1 3 )
B (  1 8 5  ) - C (  1 8 6  ) - B (  1 8 7 )  1 8 8  5 ( 1 8 )
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Ta b le  45 continued
B r  1 0 7 ' - B d  0 3  >
B < i $ 3 > - 9 i  107 104)
B r  1 4 3  ) - B r  1 0 7  ) - B (  1 0 8 )  
¿ u r  9  > - B r  1 0 8  ) - A u ( 9 a >
Our 9 *  ) - B (  1 0 8  > - B <  1 0 3  )  
A u < 9 *  > - B (  1 0 8  > -B (  1 0 4  > 
B u ( 9 ) - B < 1 0 8 > - B < 1 0 7 )  
B < 1 9 3 ) - B < 1 9 8 ) - B < 1 8 7 )  
8 u (  9  ) - B (  1 1 0  > - A u (  9  a  > 
O u r 9 3 ) - B ( 1 10 ) - B ( 1 0 1 >  
0 u < 9 s ) - B <  1 1 0 ' - B <  104 > 
A u ( 9 > - B r  1 1 0 - 8 ( 1 0 5  ■ 
B< 1 0 1  ) - B > : 1 1 0  ) - B <  1 0 3  >
B r  1 1 2 > - B < 1 1 1  ) - B <  1 1 3 )  
B <  U 3 ) - B <  11 1  ) - B <  1 1 4  > 
B < 1 1 3  ) - B r  11 1 > - B <  1 1 5 )  
B < Í Í 2 > - B d l l ) - 8 < 1 2 0 )
B ( l i 4 ) - B d l l  ) - B ( 1 2 0 )  
B r 1 1 2 ) - B < 1 1 1 > - B < 2 1 1 > 
B ( 1 1 4 ) - B < 1 1 1 ) - B < 2 1 1  > 
B d 2 0  ) - B d l l  ) - B < 2 1 1  >
B < 1 1 3 ) - B ( 1 1 1 ) - B < 2 1 2 )  
B r 1 1 5  >-B( 1 1 1  >-B<2 1 2  >
Br 2 1 1  ) - B ( 1 1 1  ) - B ( 2 1 2 ' >  
B ( 1 1 3 > - B d l l  ) - B ( 2 1 3 )  
Br 1 1 5  ) - B <  1 1 1  ) - B <  2 1 3 )
B< 2 1 1  )• 
Br 1 1 2 ) '
B r i  1 4 ) -
B < 1 2 0  ) •  
B < 2 1 2  '■ 
8 ( 1 1 2 ) -  
B < 1 1 4  ) •  
B> 1 2 0  >■ 
B <  2 1 2  ) •  
C»  2 1 6  '* e-1 13 >•
Br 1 1 5 ) -
■B< 1 1 1  )• 
■B• 1 1 1  )• 
Br 1 1 1  -  
B> 1 1 1 ) '  
■Br 1 1 1 ) -  
B> 1 1 1 ) '  
B>‘ 1 I D ­
S' .  u n -  
S i m -  
B ‘ 1 1 1  )-  
B • 1 1 1  )- 
B' 1 1 1
B < 2 1 3 )  
•C ( 2 1 € )  
C < 2 1 6  ' 
C K 2 1 4 )  
C (  2 1 6  > 
B < 2 1  7  > 
B < 2 1 7 )  
B< 2 1 7 )  
B 2 1 7 '
£ ■ 2 1 7  > 
B< 2 1 3  ' 
B< 2 1 8  >
Br 2 1 1  >-P< 1 1 1  ) ~ B < 2 1 8 )  
B ‘ 2 1 3  - B r  1 1 1  ) - B < 2 1 8 )  
B < 2 1 7 ) - B r  U l ) - B ( 2 1 8 )  
S' 111 '-F- 112>-f• 115  ^
B < 1 1 1 ) - B < 1 1 2 ) - C < 1 1 6 )  
B< 1 1 5  ) - B <  1 1 2  ) - C <  1 1 6 )  
Br 1 1 3  > - B <  1 1 2  ‘ - B <  1 1 7 >  
C < U 6 ) ~ B ‘  1 1 2 ) - B <  1 1 7 )  
B r 1 1 3 ) - B <  1 1 2 ) - B < 2 1 1 )  
C< U 6 ) - B <  1 1 2 ) - B < 2 1 1  )  
Br H i  ) - B <  1 1 2 ) ~ B ( 2 1 2 )  
B < U 5 ) - B <  U 2 ) - B < 2 1 2 )  
Br 1 1 7 ) - B <  1 1 2  ) ~ B <  2 1 2  )  
Br 1 1 1  ) - B <  U 2 ) - B < 2 1 3  > 
B r 115>-B<U 2 ) - B < 2 1 3 )
5 9  4 r  1 6 )  
1 0 9  0 ( 1 7 )  
5 9 . 9 ( 1 5 )  
2 5  1 ( 2 )  
1 1 3  4 ( 1 4 )  
5 6 .  4 ( 9 )  
1 0 3  7 ( 1 7 )  
61 9 ( 1 5 )  
2 5  5 ( 3 )  
1 1 7  3 ( 1 7 )  
5 9  6 ( 1 1 )  
1 0 0  7 r l 4 )  
49 7' 1 5 )  
5 4  1 ( 2 5 )  
5 7  7r  2 7 )  
1 0 3  5 ( 3 5 )
no T<39> 
6 4 . 2 ( 2 5 )
2 8  4 ( 1 9 )  
74 2 ( 3 1 )
1 0 3  5 ( 3 2 )  
2 1 . 7 ( 4 8 )
1 2 4  1 ( 6 7 )
4 8  1 r 5 4 > 
8 5  Or 4 5 )
2 5  6 ‘ 3 0 )
5 6  1 ( 3 9 )  
1 2 2  2 ( 3 2 )  
2 2  4 ( 2 6 )  
68  4 ( 2 3 )  
68 5 ( 4 5 )  
1 39 3 (  50 )
6 9  3 ( 3 7 )  
2 8 .  9 r  3 6  > 
¡ 2 9  S< 6 3 ' '  
61 4 ( 3 4 )  
1 0 3  7 (  3 8 )  
3 2  6 r  1 7 )
8 5  4 ( 2 8 )  
5 4  4 r 3 2 )  
5 4  8 ( 3 7  )
5 7  5 ( 2 3 )  
111 9 '  2 6 )
6 3  6 ( 2 1  )  
6 0  4 ( 2 8 )
5 8  3 ( 2 2 )  
3 2  5 - 4 5 )  
81 2 ( 4 2 )  
2 7  7 ( 2 4 )
8 3  2 ( 2 8 >  
9 5  8 ( 3 8 '
3 4  0 ( 3 3 )  
2 4  1 ( 3 2 )
Br 1 0 2  ) - B (  1 0 7  ) ~ C (  1 0 6  > 5 8 . 1< 1 4 )
B (  1 8 2  ) - B (  1 0  7  ) - B (  1 8 8 )  1 0 9  7 (  1 9  )  
C (  1 0 6  ) - B (  1 0 7  ) ~ B (  1 0 8  )  1 1 7  3 (  1 7  )  
H W  9  ' - B ' .  1 O S  - ' -B< 1 0 3  > 1 1 8  4 ( 1 6 )
O u (  9  ) - B (  1 8 8  ) - B <  1 0 4  )  7 2  4 ( 1 1 )
B (  1 8 3  ) - B (  1 0 8  ) - B (  1 0 4  )  5 9  3 (  1 3 )
B u (  9 »  ) - B (  1 0 8  ) - B (  1 0 7 )  1 2 5  9 (  1 8  )  
Br 1 0 4  ) - B (  1 0 8  ) - B (  1 0 7 )  1 0 7  0 ( 1 8 )  
A u (  9  ) - B (  1 1 0  > - B (  1 0 1 )  1 1 7  0 (  1 6 )
O u r  9  ) - B (  1 1 8 - > - 0 ( 1 0 4 )  7 3  Or 1 2  )
F'. 10 1 >- B r  1 1 0  '-FC 10 4  >  6 0  7 <  1 5  >
H W  9 â  ' - B ‘ 1 1 0  ) - B (  1 0 5 )  1 2 4  3 ( 1 5  )  
B (  1 0 4  ) - B (  1 1 8  ) - B (  1 0 5 )  1 0 7  7< 1 8 )  
B '  1 1 2  > -K  1 1 1  ) - B (  1 1 4  > 1 0 1  9 (  3 6  )  
B (  U 2 ) - B ( U 1  ) - B ( U 5 )  6 1  7 ( 2 5 )
B ( 1 1 4 ) - B < 1 U ) - B < 1 1 5 )  1 8 5  6 ( 3 2 )  
B (  1 1 3 ) - B (  1 1 1  ) - B (  1 2 0 )  1 1 8  5 ( 3 1  )  
B (  1 1 5  ) - B (  1 1 1  ) - B (  1 2 9  )  5 9  4 (  2 4  )
B (  1 1 3  ) - B (  1 1 1  ) - B (  2 1 1  )  2 8  9 ( 2 4  )
Br  U 5 ) - B (  1 1 1  ) - B ( 2 1 1 )  7 6 . 8 ( 2 9 )
Br  1 1 2 > - B (  1 1 1  ) - B ( 2 1 2 )  6 7  7 ( 5 4 )
Br  1 1 4  ) - B (  1 1 1  ) - B (  2 1 2 )  6 2  8 (  4 3 )
Br 1 2 0  ) - B (  1 1 1  ) - B (  2 1 2 )  1 2 4  8 ( 5 2 )  
B (  1 1 2  ) - B (  1 1 1  ) - B (  2 1 3  )  3 6  6 (  3 3  )
B (  1 1 4  ) - B (  1 1 1  ) - B ( 2 1 3  )  1 1 0  4 ( 4 8 )  
Br 1 2 8  ) - B <  1 1 1  ) - B (  2 1 3 )  8 2  4 (  3 9  )
B- 2 1 2  - B r  1 1 1  ) - B (  2 1 3  > 1 0 2  8 (  7 2  )  
Br 1 1 3  ) - B (  1 1 1  ) - C <  2 1 6  > 71 7 ( 2 6 )
B< U S ) - B (  1 1 1  ) - C < 2 1 6 )  1 2 1  9 ( 2 7 )  
Br 2 1 1  ) - B (  1 1 1  ) - C ( 2 1 6  )  9 3  9 (  2 8  )
Br  2 1 3 ) - B (  1 1 1  ) - C (  2 1 6  )  1 3 2  8 ( 4 4  )  
B (  1 1 3 ) - B (  1 1 1  > - 8 ( 2 1 7 )  1 2 6  3 ( 4 3 )  
B (  1 1 5  Br 1 1 1  ) - B (  2 1 7 )  8 1  9 (  4 0  )
Br  2 1 1  ) - B (  1 1 1  ) - B (  21 7  > 1 2 9  8 (  4 6  ' 
Br 2 1 3  > - B (  1 1 1  ) - B (  2 1 7  )  1 0 7  1 (  5 3  )  
Br 1 1 2  ) - B (  1 1 1  ) - B r  2 1 8 )  8 4  7 (  2 7  )
B (  1 1 4  > - 8 ( 1 1 1  ) - B r  2 1 8  )  7 8  5 ( 2 5  )
Br 1 2 8  ) - B (  1 1 1  ) - B (  2 1 8 )  2 7  9 (  2 2  )
B (  2 1 2  ) - B (  1 1 1  ) - B (  2 1 8 )  1 2 4  5 ( 5 8 )  
Cr 2 1 6  > - B (  1 1 1  ) - B (  2 1 8  > 9 8  5 (  2 2  >
B ( l l l  ) - B r  1 1 2 ) - B <  1 1 3 )  6 3  3 ( 2 8 )
Br 1 1 3 > - B (  U 2 ) - B <  1 1 9 >  1 0 7  3r 2 8  > 
B ( 1 1 3 ) - B ( 1 1 2 ) - C ( 1 1 6 )  1 0 9  1 ( 2 7 )  
B (  1 1 1  ) - B (  1 1 2 ) - B (  1 1 7 )  1 1 1  3 ( 2 8 )  
B ( H 5 ) - B ( 1 1 2 ) - B ( U 7 )  1 0 7  5 ( 2 4 )  
B i l l l  ) - B (  1 1 2 ) - B ( 2 1 1  )  8 8  7 ( 4 8 )Bai 5  ) - B (  1 1 2  ) - B (  2 1 1  )  1 0 9  9 (  3 9  • 
B ( 1 1 7 ) - B ( 1 1 2 ) - B ( 2 U  )  2 8  Or 4 2 )
Br  1 1 3  ) - B (  1 1 2  ) - B (  2 1 2  )  3 7  9 (  2 9  )
Cr  1 1 6  ) - B (  1 1 2  ) - B <  2 1 2 )  1 2 3  3 (  2 8  )  
Br 2 1 1  > - B (  1 1 2  ) - B (  2 1 2  )  6 8  1 ( 4 8 )
B ( 1 1 3 ) - B ( U 2 ) - B ( 2 1 3 )  91 3 ( 3 9 )
C (  1 1 6  ) - B (  1 1 2  ) - B (  2 1 3 )  8 5  4 ( 3 5  )
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Table 45 continued
B ( 1 1 7 ' - B '  1 1 2  ) - B (  2 1 3 '  
B ( 2 1 2 ' - B ( 1 1 2  ) - B (  2 1 3  » 
B (  1 1 3 ' - B (  1 1 2 ' - 6 ( 2 1 4  '  
C< 1 1 € ) - B ( U 2 ) - B (  2 1 4  '  
PC 211 '-P< 1 1 2 ' - 8 ( 2 1 4  > 
B (  2 1 3  ) - B >  1 1 2  ) - B (  2 1 4  )
B (  1 1 1  > - B <  1 1 3 > - B <  1 1 4  '  
B < 1 1 1  ) - B (  1 1 3  ) - B (  1 1 7 )  
B (  1 1 4  ) - B (  1 1 3  ) - B (  1 1 ? )  
B <  1 1 2  > - B <  1 1 3  ) - B (  1 1 8 )  
B < 11 7 ) - B (  1 1 3  ) - B (  I I S '  
6 (  1 1 2  ) - B (  1 1 3  ) - B ( 2 1 1  > 
B k 1 1 7 ) - B <  1 1 3 ) - B < 2 1 1 > Fi 111 >•6- 113 '-B( 212 > 
B < 1 1 4 ) - 6 ( 1 1 3  ) - B (  2 1 2  )  
B>. 1 1 3 ) - B <  1 1 3  ) - B (  2 1 2  )  
B< 1 1 1  ) - B (  1 1 3  > - B (  2 1 3 )  
B (  1 1 4  ) - B (  1 1 3  ) - B (  2 1 3  > 
B< 1 1 8  >-P< 1 1 3  ) - B (  2 1 3  )  
B ( 2 1 2 ) - B (  1 1 3  ) - B (  2 1 3  > 
B k 1 1 2  >“ B <  1 1 3  ) - B (  2 1 5 .> 
B (  U 7 ) - B (  U 3 ) - B ( 2 1 5 )  
B< 2 1 1  ' - B (  11 3  ) - B (  2 1 5  )  
PC 2 1 3  ) - B <  1 1 3  > - B <  2 1 5  > 
B (  U 2 ) - B (  1 1 3 ) - C ( 2 1 6 >
B < 1 1 7 ) - B (  1 1 3  ) - C (  2 1 6  )  
B ( 2 1 1  > - B (  1 1 3  ) - € (  2 1 6  )  
B < 2 1 3 ) - B (  1 1 3  ) - C (  2 1 6  )
B< 111  ) - 8 (  1 1 3  ' - B (  2 2 3  > 
B (  1 1 4  ' - B (  1 1 3  '-PC 2 2 0  > 
B < U 8 ) - B (  1 1 3 ) - B ( 2 2 B  >
B< 2 1 2  > - B (  1 1 3  > - B <  2 2 0  )
B (  2 1 5  >-P< 1 1 3  > - B <  2 2 0  > 
A u < 9 > - B <  1 1 4  > - A u O * >
* u < * i  > - B <  1 1 4 > - B <  1 1 1  >
0 u : ? è  >-P* 1 1 4  ' - B < 1 1 3  > 
A u ( 9 > - B (  1 1 4  > - B <  1 1 3 '
B ( 1 U > - B < 1 1 4 > - B < 1 1 8 >  
A u ( 9 ' - B k 1 1 4 ) - B <  1 2 0  > 
P< 1ÍI  >- B < 1 1 4  '-B( 1 2 0  •
B < 1 1 8 > - B < 1 1 4  ) - B < 1 2 8 >  
9 ê  ' - B (  1 1 4  ' - B <  2 1 2  '  
B< U 3 ' - B >  1 1 4 > - B < 2 1 2 >  
F< 1 2 0  > - 8 <  1 1 4  , ' - B (  2 1 2  > 
0 u (  9 *  > - B <  1 1 4  ) - B <  2 1 5 '  
B < 1 1 3  >-P< 1 1 4  ' - B <  2 1 5  > 
B i  1 2 0  ' - B (  1 1 4  ' - B >  2 1 5  '  
A u < 9 ' - B <  1 1 4  ' - C ' . 2 1 * '  
B< 111  ' - B -  1 1 4  ' - € < 2 1 6  '  
B< 1 1 8  ' - B r  1 1 4  ) - € <  2 1 6  > 
P' 2 1 2 > - B (  U 4 ) - C < 2 1 6 '  
A u k  9 > - B <  1 1 4  > - B < 2 1 ? >  
B < 1 1 1  > - B <  1 1 4 > - B < 2 1 ? )
1 1 5  6 < 3 5 '  
60 S ’ 3 ?  '  
89  ? < 2 5 >  
2 6 .  9< 1 9 )  
?0.  3 ( 3 ? )  
6 6  6 ( 3 3 )  
5 6  8< 2 ? )  
1 1 2  2< 3 3 )
1 1 0  2 < 3 3 )  
1 1 4  4< 3 3 '
6 3  7 < 2 6 )  
31 9 ’. 33  '  
30 4 ( 38  )
1 6  8 ( 3 4 )  
60. 4 ( 3 8 )
1 1 9  7< 4 2  ) 
3 1 . 7 ( 2 5 )  
7 5 . 0 ( 2 8 )  
1 0 5  0 ( 2 7 )  
46 4 ( 3 8 )  
1 3 4  4 ( 4 7 )  
91 5 ( 5 8 )  
1 1 4  3 ( 6 0 )
1 1 1  1 ( 4 3 )  
1 1 5 . 2 ( 3 1  )  
1 2 6  3 ( 2 7 > 
1 2 6  3 ( 4 5 >
8 8  9 ( 2 5 )  
1 0 2  8 ( 2 9 '  
72  1 ( 2 9 )  
2 6  7 ( 2 1  )  
1 1 7 . 9 ( 4 2 >  
5 2  8 (  4 3 )
1 7  3 ( 5 '
1 0 4  8 ( 2 9 )  
1 8 2  8 ( 3 2 '  
6 3  9 ( 2 1 )  
1 1 9  0 ( 3 9 )  
6 6  5 ( 2 0 '  
5 8  8 ( 2 4 )  
1 1 6  5 ( 3 7 )  
1 1 8  6 ( 3 7 )  
3 9  1 ( 3 1  '
8 8  2 ( 3 2 )  
8 8  4 ( 4 3 '  
4 2  3 ( 3 5 '  
1 3 ?  7 ( 5 7 )  
1 1 7  9 (  4 8 )  
9 6  5 (  5 6 )
1 3 9  2 ( 6 0 )  
1 0 O 5 ( 5 ? )  
9 ?  5 ( 2 7 )  
3 7  K 2 4 )
B (  2 1 1  ) - B <  1 1 2  ) - B <  2 1 3  )  
B (  1 1 1  ) - B (  1 1 2  > - B <  2 1 4  '  
B (  1 1 5  ' - B (  1 1 2  ) - B <  2 1 4 )  
B (  1 1 7  > - B (  1 1 2  ) - B <  2 1 4  )  
B (  2 1 2 ' - B <  1 1 2  ) - B (  2 1 4  )  
B (  1 1 1  ) - B (  1 1 3 ) - B (  1 1 2 )  
B (  1 1 2  ' - B (  1 1 3  ) - B <  1 1 4  )  
B (  1 1 2 ) - B <  1 1 3  ' - B (  1 1 7  )  
B< 1 1 1  ) - B (  1 1 3  ) - B <  1 1 8 )  
B (  1 1 4  > - B (  U 3 ) - B ( U 8 )  
6 (  1 1 1  ) - B (  1 1 3  ) - B (  2 1 1 )  
S i  1 1 4  ' - B (  1 1 3  ) - B (  2 1 1  )  
B (  1 1 8  ) - B (  1 1 3  ) - B (  2 1 1  )  
B (  1 1 2  ' - B (  1 1 3  ) - B ( 2 1 2  )  
B ( 1 1 7 ) - B ( 1 1 3 ) - B ( 2 1 2 )  
6 ( 2 1 1  ) - B (  1 1 3 ) - B < 2 1 2 )  
B (  1 1 2  ' - B (  1 1 3  ) - B (  2 1 3  '  
P< U 7  ' - B <  U 3 ) - B ( 2 1 3 )  
6 ( 2 1 1  ) - B (  1 1 3  ) - B (  2 1 3 )  
PC 1 1 1  ) - B (  1 1 3 ) - B (  2 1 5 )  
6 ( 1 1 4  ) - B (  U 3 ) - B ( 2 1 5 )  
B (  1 1 8  ) - B <  1 1 3  ) - B (  2 1 5 )  
B ( 2 1 2 ' - B (  U 3 ) - B ( 2 1 5 )  
B (  1 1 1  ) - B (  1 1 3 ) - C (  2 1 6  )  
B ( 1 1 4 ) - B ( 1 1 3 ) - C ( 2 1 6 )
PC U 8 ) - B (  1 1 3 ) ~ C < 2 1 6 )  
PC 2 1 2 ) - B ( 1 1 3 ) - C <  2 1 6 )  
B< 2 1 5  ) - B <  1 1 3  ) • € <  2 1 6 )  
B (  1 1 2  ) - B (  1 1 3  ) - B <  2 2 0  > 
PC 1 1 7  ) - B <  1 1 3  > - B (  2 2 0 )  
6 ( 2 1 1  ) - B <  1 1 3  ) - B <  2 2 0 '  
PC 2 1 3 ) - B < 1 1 3 ) - B < 2 2 0 > 
C (  2 1 6  >-FC 1 1 3  >-PC 2 2 0  '  
A u (  9  ) - B (  1 1 4  ) - B <  1 1 1 )
A u ( 9 ) - B <  U 4 ' - B (  U 3 >  
B ( l l i  ' - B (  1 1 4  ' -B> 1 1 3 '  
A w . 9 *  ' - B (  1 1 4 ) - B (  1 1 8  )
B (  1 1 3  > - B <  1 1 4  ' - 6 ( 1 1 8  '  
Aw . 9 *  - 6 ( 1 1 4  ' - 6 ( 1 2 8 '  
PC 1 1 3  ) - B (  1 1 4  ) - B (  1 2 0  >
1 0 5  9 ( 5 0 '
8 6  7 ( 2 5 )  
5 0  7 ( 2 0 )  
57 7 ( 2 1  )  
9 6 . 6 ( 2 7 )  
6 2  6 ( 2 7 )
1 0 8  2 ( 3 3 )
6 2  3 ( 2 8 )  
1 8 9  9 ( 2 8 )
6 1  0 ( 2 7 )  
8 ?  6 ( 4 7 )  
1 1 2 . 2 ( 4 7 )  
8 8  2 ( 4 4 )  
7 2 . 6 ( 4 1  )  
1 2 8  1 ( 4 9 '  
1 8 1  2 ( 5 9 )  
3 4  3 ( 2 3 )  
8 1  8 ( 2 9 )  
5 5  9 ( 4 3 )  
1 0 0  4 ( 4 8 )  
4 3  8 ( 4 2 )  
2 7  8 ( 4 2 )  
1 0 3  2 ( 6 0 )  
5 5  8 ( 2 3 )  
1 6  1 ( 2 2 )  
7 2  6 ( 2 3 )  
5 3  9 ( 3 6 )  
5 0  0 ( 4 4 )  
8 8  1 ( 2 9 )  
4 1  8 ( 2 3 )  
6 1  8 ( 3 9 )  
8 5  9 ( 2 6 )
8 7  3 ( 2 5 )  
1 1 8  4 ( 3 1 )  
1 1 7  4 ( 3 6 )
6 5  5 ( 2 9 '  
5 9  1 ( 2 0 )
6 3  1 ( 2 9 )  
6 1  5 ( 2 1 )
1 1 2 .  5 ( 3 4 )
A u ( 9 ) - B (  1 1 4 ) - B ( 2 1 2 )  1 3 5  8 ( 4 0 )
PC 1 1 1  ) - B (  1 1 4  ' - 6 ( 2 1 2 )  3 0  3 ( 2 ? )
PC 1 1 8 ' - B (  1 1 4  ) - B (  2 1 2 )  1 0 1  2 ( 4 1 )  
nu1. 9  >-#< 1 1 4  ' - 6 ( 2 1 5 '  9 3  9 (  4 3  ■
PC 1 1 1  ' - B (  U 4 ) - 8 < 2 ! 5 )  1 0 7  6 ( 4 5 )  
B (  1 I B ) - B (  1 1 4 ' - 6 ( 2 1 5 )  3 6  1 ( 3 5 )
B (  2 1 2  )-8( 1 14 ) - B ( 2 1 5  )  
A w  9 *  ' - B (  1 1 4  ) - € (  2 1 6  )  
PC 1 1 3  ' - B (  1 1 4 ' - € ( 2 1 6 )
PC 1 2 0  >-FC 1 1 4  ) - € (  2 1 6  )  
6 ( 2 1 5  ) - 6 (  1 1 4  ) - C (  2 1 6  )  
A u ( 9 *  ) - B (  1 1 4  ) - B (  2 1 7  )  
6 (  1 1 3  ) - B (  1 1 4  ) - B (  2 1 7 )
8 0  8 ( 4 4  '  
1 3 3  5 ( 4 8 '  
1 2 3  ?•■ 5 5  )  
9 8  3 ( 5 7 )  
1 2 3  8 ( 6 9 '  
9 2  2 ’ 2 6  )  
1 8 2  3 ( 3 3 )
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T a b l e  45 c o n t in u e d
PC1 1 8 ) - B < U 4 ) - B ( 2 1 7 )  
B (  2 1 2  ) - B (  1 1 4  >-PC 2 1 7  )  
C (  2 1 6  ) - B (  1 1 4  ) - B (  2 1  ?  > 
0 u (  9  a > - B ( 1 1 4 ) - B ( 2 2 0 > 
Pc IIJ '-PC  1H>-PC22P> 
P< 1 2 0 - B k 1 1 4  > - B k 2 2 0 '  
PC 2 1 5 >-PC 11 ■< ) - B <  2 2 0  > 
Pi 217 '-PC 114  >-PC 2 2 0  )  
P-111 > ~ é < í l 9 > - C ( l í 4 )  
B < 1 1 1 > - B < 1 1 S ) ~ B (  1 2 0  ' 
C (  U 6 ) - B (  U 5 ) - B (  1 2 0 )  
PCU 2 ) - B < U 5 ) - B ( 2 1 3 )  
B < 1 2 0  > - B <  1 1 5  ) - B (  2 1 3  )  
B< 1 1 2  > - B <  1 1 5  ) - B (  2 1 4 )  
B '  1 2 0  .'-PC 1 1 5  '-PC 2 1 4  > 
B< 11 1  .'-PC 1 1 5 > - B ( 2 1 ? )  
C < U 6 ) - B ( U 5 ) - B ( 2 1 7 )  
B ( 2 1 3 ) - B ( U 5 ) - B ( 2 t 7 >  
B (  1 1 1  .'-PC 1 1 5 .'-PC2 1 8 )  
C (  U 6 ) - B (  U 5 ) - 8 < 2 1 8 )  
B < 2 1 3  > - B <  115 .'-PC 2 1 8 )  
B ( 2 1 7 ) - B (  U 5 ) - B < 2 1 8 )  
A u ( 9 a ) - C ( 1 1 6 ) - B ( U 5 )  
8 u <  9 a  > - C <  1 1 6  > - B <  1 1 7 )  
B ( 1 1 5 ) - C < 1 1 6 ) - B ( 1 1 7 )  
B< 1 1 2 ) - C (  1 1 6 ) - B ( 2 1 1 )  
B < 1 1 7  > - C <  i  1 6  .'-PC 2 1 Í  )  
B< 1 1 2  ) - C <  1 1 6  > - B <  2 1 3  )  
B (  1 1 7 ) - C (  1 1 8  .'-PC 2 1 3  > 
A t*# « '-CC 1 1 6  .'-PC 2 1 4  )  
B (  1 1 5  >-CC 1 1 6  .'-PC 2 1 4 )  
B< 2 1 1 >-CC1 1 6 .'-PC2 1 4 )  
8 u < 9 a ) -CC1 1 6 .'-PC2 2 0 )  
P- 115  ) - C <  1 1 6  .'-PC 2 2 0  '
P-. 2 1 4  '-CC 1 1 6  '-PC 2 2 0  )  
B< 1 1 2  .'-PC 1 1 7  >-CC 1 1 6 )  
PC1 1 2  > - B ‘ 1 1 7  ) - B (  1 1 8  > 
C '  1 1 6 ^ - B '  1 1 7  --P- U S  '
B< 1 1 3  ) - B (  1 1 7  .'-PC 2 1 1  )  
PC 1 1 8  .'-P« 1 1 7  .'-PC 2 1 1  > 
B (  1 1 3 ) - B (  U 7 ) - B ( 2 1 4  ' 
B (  1 1 8  ) - B <  1 1 7  ) - B (  2 1 4  > 
PC 112.'-Pc 1 1 7 ) - B ( 2 1 5 )  
C ( U 6 ) - B (  1 1 7 ) - B ( 2 1 5 >
B < 2 1 1  ,'-PC 1 1 7  .'-PC 2 1 5  > 
B< 1 1 2  >-P< 11 7 ) - B ( 2 2 0  > 
C (  1 1 6  ) - B (  1 1 7  ) - B (  2 2 0 )  
PC2 1 1 ) - B <  11 7 .'-PC2 2 0 )  
P'. 215 .'-PC 11 7  > - B <  2 2 0  > 
A u ( 9 ) - B ( 1 1 8 > - B < 1 1 3 >
1 4 0  I k 4 2 )  
66 7-. 3 2  > 
80 . 5 ( 5 5 )  47 8<16) 
59  3 < 2 S )  
95  5 < 3 2 )  44 4> 40)
1 1 6  6 < 3 6 )  
1 0 5  5 ( 2 6 )
5 9  0 < 2 4 )
1 1 7  0 ( 2 5 )
3 0 . 8 ( 4 2 )  
8 6  5 ( 4 3 )  
6 5  1 ( 2 3 )  
9 0  6 < 2 7 )  
3 3 .  1 ( 2 1  )  
1 2 5  1 ( 2 5 )  
6 3 . 4 ( 4 4 )  
8 9  9 ( 3 5 )  
1 0 8  6 ( 3 5 )
1 1 2 .  7 ( 4 8 )  
6 2 . 0 ( 3 3 )  
7 6  8 ( 1 4 )
82 . 3 ( 1 7 )  
111 8 ( 2 9 )  
3 2  S '  21 )  
33 . 7 ( 2 6 )  
3 6 . 6 ( 2 2 )  
8 7 . 2 ( 2 8 )  
2 0 . 4 ( 3 4  )  
59  8 ( 3 9 )  
7 6 . 8 ( 3 9 )
4 5  5 ( 1 3 )  
9 5  4 ( 2 4 )  
50  5 ( 2 1  )
4 6  9< 34  )  
5 7  5 ( 2 2 )
108  3 ( 3 4 )  
113  9 (  2 9  )
3 0  1 ( 3 9  )  
8 5  5 ( 4 5 )  
91 8 ( 3 3 )  
8 5 .  4 ( 2 6 )  
8 4  7 ( 3 1  )  
1 1 3  4 ( 3 3 )  
5 9  3 ( 4 3 )  
1 1 0  5 ( 4 2 )  
9 3  7 ( 3 3 )  
9 5  8 ( 5 4 )  
4 7  8 ( 3 3 )  
1 1 3  3 ( 2 5 )
B (  1 2 0  > - 8 (  1 1 4 ) - B ( 2 1 7 )  31 2 ( 2 3 )
PC 2 1 5 ) - B (  1 1 4  ) - B (  2 1 7 )  1 4 3  2 ( 5 1  )
A u (  9 ) - B (  U 4  ) - B ( 2 2 0 )  
B (  1 1 1  ) - B <  U 4 ) - B ( 2 2 0 )  
B (  U 8 ) - B ( U 4  ) - B ( 2 2 0 )
B (  2 1 2  ) - B (  1 1 4  ) - B (  2 2 0  )  
C (  2 1 6  '-PC 1 1 4  .'-PC 2 2 0  )  
B (  1 1 1  '-PC U 5 ) - B (  1 1 2 )  
B (  U 2 ) - B (  U 5 ) - C (  1 1 6 )  
B (  1 1 2 ) - B ( U 5 ) - B (  1 2 0 )  
B (  1 1 1  '-PC U 5 ) - B ( 2 1 3 )  
C (  U 6 ) - B (  U 5 ) - B ( 2 1 3 )
B ( 1 U ) - B ( U 5 ) - B ( 2 1 4 )  
C (  U 6 ) ~ B ( U 5 ) - B ( 2 1 4 )  
B (  2 1 3 ) - B (  1 1 5 ) - B (  2 1 4 )  
B (  1 1 2 ) - B (  1 1 5 ) ~ B (  2 1 7 )  
B ( 1 2 0 '-PC1 1 5 ) ~ B ( 2 1 7 )
B (  2 1 4  '-PC 1 1 5  ) - B (  2 1 7 )  
B (  U 2 ) - B (  U 5 ) - B ( 2 1 8 )  
B ( 1 2 0 ) - B ( 1 1 5 ) - B ( 2 1 8 )
B (  2 1 4  )~ 
8 u ( 9 a ) -  
B (  1 1 2  ) •  
B (  1 1 2 ) -  
8 u ( 9 a ) -  
PC 115.'- 
8 u ( 9 a ) -  
B (  1 1 5 ) -  
B (  2 1 1  ) •  
B(  1 1 2 ) -  
B (  1 1 7  ) -  
PC 2 1 3 ) -
8 ( 1 1 5 )
C< 1 1 6 ) -  
C ( 1 1 6 )  
CC1 1 6 )  
C (  1 1 6  )  
C ( 1 1 6 )  
C ( 1 1 6 )  
C ( 1 1 6 )  
C ( 1 1 6 )  
C ( 1 1 6 )  
C ( 1 1 6 )  
C ( 1 1 6 )
■ B ( 2 1 8 )  
■PC 1 1 2 )  
■8(115) 
-6(117) 
■ B( 2 11)  
■PC 2 1 1  )  
■B(  2 1 3 )  
■B(  2 1 3 )  
■B (  2 1 3 )  
■B (  2 1 4 )  
- 8 ( 2 1 4 )  
■PC 2 1 4  )
5 8  6 ( 1 8 )  
9 9  9 ( 3 5 )  
2 3  5 ( 2 0 )
9 0  6 (  3 8 )  
1 6 2  5 ( 5 9 )
6 0  7 ( 2 4 )  
5 2  8 ( 2 0 )  
1 0 9  5 ( 2 6 )  
3 0  6 ( 4 2 )  
8 1  1 ( 4 6 )  
9 7  9 ( 2 9 )
2 7  0 ( 1 8 )  
8 4 . 6 ( 4 4 )  
9 2  3 ( 2 4 )  
2 9  3 ( 2 1 )
1 0 5  0 ( 2 8 >  
1 2 4  1 ( 3 4 )  
3 2  7 ( 3 1 )  
7 4  6 (  3 3 )  
1 0 9  3 ( 2 1 )
6 3  5 ( 2 2 )
6 4  2 ( 2 4 )  
$ 8  6 ( 1 9 )  
8 1  3 ( 2 7 )  
8 5  8 ( 1 8 )
2 8  1 ( 1 9 )  
5 4  5 ( 2 6 )
9 1  1 ( 4 3 )  
8 1  8 ( 3 8 )
6 5  4 ( 4 1  )
PC 1 1 2  >-CC 1 1 6  ) - B (  2 2 0  )  
PC 1 1 7  '-CC 116 '--PC 2 2 0  > 
B ‘. 2 1 3  >-CC 1 1 6  ) - B (  2 2 0  )  
B (  U 2 ) - B (  U 7 ) - B (  1 1 3 )  
P-. 1 1 3  '-PC 1 1 7  ) - C (  1 1 6   ^
P\ 1 1 3  ) ~ B (  1 1 7  '-PC 1 1 8 )  
B ( U 2 ' - B <  1 1 7 ) - B (  2 1 1  )  
C (  1 1 6  ) ~ B (  1 1 7  ) ~ B (  2 1 1  )  
B i  1 1 2  >-PC U 7 ) - B ( 2 1 4  > 
C <  ¡ 1 6  - 8 ' .  1 1 7  >-P< 2 1 4  > 
PC 2 1 1  ) ~ B (  1 1 7  ) - B (  2 1 4  )
PC 1 1 3  '-PC 1 1 7 .>-PC 2 1 5  )  
PC 1 1 8 ) - B (  U 7 ) - B ( 2 1 5  '  
PC 2 1 4  '-PC 1 1 7  »-PCÍ Í 5 )  
B (  U 3 ) - B (  1 1 7 ) - B ( 2 2 8  ) 
B (  1 1 8  ) - B (  1 1 7  '-PC 2 2 0  )
B (  2 1 4  >-P< 1 1 7 > - B ( 2 2 8 )  
A u (  9  .'-PC 1 1 8  ) - A u (  9 a  ) 
A u ( 9 s  ) ~ B (  1 1 8 ) - B (  1 1 3 )
8 1  6 ( 2 2 )  
3 6  9 ( 1 9 )  
8 3  1 ( 2 4 )  
5 7  3 ( 2 6 )
1 0 5  8 ( 3 4 )  
6 1  2 ( 2 6 >
2 7  2 (  3 6  )  
7 9  8 ( 4 2 )  
64 2 ( 2 3 )
2 8  5(19) 
7 5  6 ( 4 2 )  
3 3  3 ( 2 4 )  
2 7  9 ( 2 2 )  
8 8  0 ( 3 1 )  
7 9  1 ( 3 8 )  
24 6 ( 2 7 )  
6 6  5 ( 3 8 )  
2 3 .  7 ( 4 )
1 1 3  7 ( 2 3 )
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AuCS'-PC 118)-B( 114) 
PC 1 1 3  ) - B <  1 1 8  >-P< I N )  
AuCP« ' - B (  U 8 ) - B (  ¡ 1 7 )  
B (  1 1 4 ) - B (  1 1 8 ) - B (  1 1 7 )  
8 u ( 9 a  ) ~ B (  U S  > - B (  2 1 1  )  
B < 1 1 4 >-PC1 1 8 ) - B < 2 1 1 )  
Au-, 9  - B ( 1 1 8 ) - 6 ( 2 1 5  ' 
K 1 1 }> -K 1 1 I)4 < 1 1 5 ) 
B < 1 1 7  >-PC 1 1 8  ) - B (  2 1 5  > 
hu* 2 '-PC 1 IF > - B < 2 2 0  > 
B< U 3 ) - B (  !!•> -•<  229 > 
B < 1 1 ?  > - B <  1 1 8  > - B < 2 2 8  )  
B <  2 1 5  ) - B (  1 1 8  ) - B (  2 2 8  )  
Au- 9  >-PC 1 2 8  > - B <  111  > 
8 u < 9  ) - B <  1 2 8  >-P< 1 1 4 )  
B < H 1  '-PC 1 2 8 ) - B > .  1 14 )  
AuC 9 a  ) - B <  1 2 8  ) - B (  1 1 5 )  
B < 1 1 4  ) - B ( 1 2 8 ) - B ( U 5 )  
8 u ( 9 a  >-B<  | | f)-K  21J) 
B< 1 1 4  ) - B <  1 2 8  .'-PC 2 1 3 ' *  
AuC 9  '-PC 1 2 8  ) - C <  2 1 6  ' 
B < 1 1 1  ) - B <  1 2 8  ) - C <  2 1 6 )  
B< 1 1 5  ) - B <  1 2 8  ) - C <  2 1 6 )  
0 u ( 9 ) - B ( 1 2 8 ) - B ( 2 l ? )  
PC 111 '-PC 1 2 8  '-P< 2 1 ?  ' 
B ( U 5 ) - B <  1 2 8  ) - B ( 2 1 7 )  
C< 2 1 6  .'-PC 1 2 8  ) - B (  2 1  ?  )  
AuC9 a .'-PC1 2 8 '-PC2 1 8 )  
B ‘  1 1 4  > - B <  1 2 8  ) - B <  2 1 8 )  
F< 2il>-#< 1 2 8 ' - B \  i l i )  
PC 2 1 7  ) - B <  1 2 8  .'-PC 2 1 8 )  
B < 1 1 1  ) - B < 2 1 1  ) - B (  1 1 3 )  
P< 1 1 1 ) - B ( 2 1 1 ) - C ( 1 1 6 )  
B< 1 1 3  ) - B (  2 1 1  ) - C <  1 1 6 )  
B< 1 1 2  '-PC 2 1 1  '-PC 1 1 7 )  
C (  1 1 6  ) - B (  2 1 1  ) - B <  1 1 7 )  
F- 1 1 2  >-§<211 >-#< 111) 
CCI 1 6  ) - B < 2 1 1  ) - B <  1 1 8 )  
B< 111  ) - B <  2 1 1  ) - B < 2 1 2 )  
K i l l ) - »  2 1 1  >-#<2f2) 
B< 1 1 7 > - B <  2 1 1  > - B <  2 1 2 )  
B ‘. I l l  ) - B < 2 1 1  ) - B < 2 1 3 )  
B< 1 1 3  ) - B <  2 1 1  ) - B <  2 1 3  )  
B < 11 ? ) - B <  2 1 1 ) - B ( 2 1 3 )  
B< 2 1 2  ) - B <  2 1 1  ) - B <  2 1 3 )  
B (  1 1 2  ) - B <  2 1 1  ) - B (  2 1 4  )  
C< U 6 ) - B < 2 1 1  > - B < 2 1 4  )  
B < 1 1 8 ) ~ B ( 2 1 1 ) - B <  2 1 4  )  
B< 2 1 3  ) ~ B <  2 1 1  2 1 4 )
B< 1 1 2  > - B <  2 1 1  ) - B <  2 1 9 )  
C< 1 1 6 > - B ( 2 1 1  ) - B ( 2 1 5 )  
B< 1 1 8  ) - B <  2 1 1  ) - B <  2 1 5 )  
B < 2 1 3  ) - B (  2 1 1  ) - B <  2 1 5  )
6 6  2 <  2 8  )
5 5  9 < 2 6 >  
9 2  i < 2 1  )  
9 9  4 <  2 8 )
9 6  2 <  2 8  > 
7 1 . S < 2 7 )  
1 0 3  4 ( 4 8 )  
3 3  1 ( 4 3 )  
8 8  2 ( 4 7 )
7 7 .  9 ( 3 9 )  
8 4 8 ( 4 1  ) 
38  1 < 34 )
1 1 3  3 ( 6 1 )
1 1 5 8 ( 2 7 )  
64 3 ( 2 8 )  
5 7 .  8 ( 2 4 )  
98  2 ( 2 5 )
1 8 2  8 ( 2 9 )  
98  0 ( 2 7 )  
7 6  4 ( 2 6 )  
74  9 (  1 ?  ■' 
6 8  3 ( 2 2 )
1 1 6  5 ( 2 6 )
1 2 8  6 ( 4 3 )
3 2 . 9 ( 4 8 )  
8 ? .  1 i 41 ) 
54 6 ( 3 6 )  
6 1  8 ( 3 2 )  
1 1 5  8 ( 4 7 )  
6 3  3 (  34 ) 
1 2 5  2 ( 5 5 )  
6 3  5 ( 4 6 )  
9 7  K22) 
1 5 1  9 ( 5 2 )  
1 2 4  9 ( 7 8 )  
66  9 ( 4 1  > 
1 5 8  8 ( 4 9 )  
18 1 8 ( 2 7 >  
2 3  2 ( 2 4 )  
41 6 ( 4 4 > 
1 5 3  8 ( 5 2 )
A u <  9 a  ) - B (  1 1 8  ) ~ B (  1 1 4 )  8 1  4 ( 2 1 )
A u ( 9 ) - B <  U 8 ) - B <  1 1 7 )  1 1 1  7 ( 2 3 )
B < 1 1 3  ) “ B< 1 1 6  ) ~ B <  1 1 7 )  5 5  1 ( 2 5>
A u (  9  '-PC 1 1 8  ) - B (  2 1 1 )  1 8 6  7 ( 2 2 )
B < 1 1 3 ) - B < 1 1 8 ) - B < 2 1 1 )  2 8  8 < 2 4 )
B (  1 1 7 ) - B < 1 1 8 ) ~ B <  2 1 1 )  2 9 . 8 < 2 4 )
0 u < 9 a  ) - B <  1 1 8 ) - B < 2 1 5 )  1 1 ?  4 ( 4 7 )  
B (  1 1 4  ) - B <  1 1 8 ) - B ( 2 1 5 )  3 7 . 3 ( 4 4 )
6 ( 2 1 1 ) - B ( 1 1 8 ) - B ( 2 1 5 )  6 8  9 ( 4 5 )
0 u ( 9 a ) - B <  1 1 8  ) - B (  2 2 8 )  5 5  5 ( 3 5 )
B (  1 1 4  ) - B (  1 1 8  ) - B (  2 2 8  > 1 8 1  8 ( 5 8 )  
B ( 2 1 1 ) - B ( 1 1 8 ) - B ( 2 2 8 )  5 5  6 ( 3 7 )
A u ( 9 ) - B ( 1 2 8 ) - A u ( 9 a )  2 2  9 ( 5 )
8 u (  9  a  ) - B (  1 2 8  ) - B (  1 1 1 )  1 1 6  7 ( 2 9 )  
8 u (  9 a  ) - B (  1 2 8  ) - B (  1 1 4  )  7 9  2 ( 2 3 )
AuC 9 ) - B ( 1 2 8 ) - B ( 1 1 5 )  1 8 9  8 ( 2 8 )
B (  111  ) - B (  1 2 8 ) - B (  1 1 5 )  61 6 ( 2 4 )
A u ( 9 ) - B ( 1 2 8 ) - B ( 2 1 3 )  1 8 9  2 ( 2 7 )
B< 1 1 1  ) ~ B (  1 2 8 ) - B ( 2 1 3 )  3 4  2 ( 2 5 )
B (  1 1 5  ) - B (  1 2 8  ) - B (  2 1 3 )  2 8  7 ( 2 8 )
AuC 9 a  ) ~ B (  1 2 8  ) - C (  2 1 6  '  9 4  1 ( 1 9 )
B (  1 1 4  >-ßC 1 2 8  ) ~ C (  2 1 6  )  2 8  8 ( 2 4 )
B (  2 1 3 ) - B ( 1 2 8 ) - C ( 2 1 6 )  8 8  3 ( 2 4 )
AoC 9 a ) - 6 ( 1 2 8 ) - B ( 2 1 7 )  1 4 2  3 ( 4 5 )  
B (  1 1 4  ) - B (  1 2 8 ) - B (  2 1 7 )  6 4  7 ( 4 8 )
B (  2 1 3  ) - B (  1 2 8  ) - B ( 2 1  ?  )  6 4  4 ( 4 2  )
AuC 9 ) - B ( 1 2 8 ) - B ( 2 1 8 )  8 3  9 ( 3 6 )
B (  1 1 1  ) - B <  1 2 8  ) - B (  2 1 8 )  9 7 . 4 ( 4 8 )
B (  1 1 5  ) - B <  1 2 8  ) - B (  2 1 B )  3 8  1 ( 2 8  > 
C (  2 1 6  ) - B (  1 2 8  ) - B (  2 1 8 )  1 3 6  5 ( 4 5 )  
B (  1 1 1  ) - B ( 2 t l  ) - B (  1 1 2 )  6 2  9 ( 4 4 )
B (  1 1 2  ) - B (  2 1 1  ) - B (  1 1 3 )  1 1 5  7 ( 7 2  )  
B ( 1 1 2 ) - B ( 2 1 1 ) - C ( 1 1 6 )  6 5  9 ( 3 8 )
B (  1 1 1  ) - B ( 2 U  ) - B (  1 1 7 )  1 4 8  9 ( 4 6 )  
B (  1 1 3 ) - B ( 2 1 1  ) - B (  1 1 7 )  1 1 9  4 ( 6 3 )  
B< 1 1 1  ) - B ( 2 1 1  ) - B (  1 1 8 )  9 4  8 ( 2 9  >
B (  U 3 ) - B ( 2 U  ) - B (  1 1 8 )  6 3 . 8 ( 3 7 )
B (  1 1 7 ) - 6 ( 2 1 1  ) - B (  1 1 8 )  6 5  5 ( 3 7 )
B (  1 1 2 ) - B ( 2 U  ) - B ( 2 1 2 )  7 7 .  7 ( 5 8 )
C (  1 1 6 ) ~ B ( 2 1 1  ) • & <  2 1 2 )  1 2 8  2 ( 3 8 )  
B (  1 1 8  ) - B (  2 1 1  ) - B (  2 1 2 )  8 7  5 ( 3 2 )
31 8 ( 2 6 > 
9 5  3 <  5 6  > 
131  3< 5 2  > 
5 4  4 < 3 3 )  
7 8  ? <  3 9  )  
27 3 ( 19)
7 9 .  3 ( 2 4 )  
6 0  4 ( 2 8 )
1 3 7  2 ( 6 4  )
1 2 2  9 ( 3 3 )  
2 8  4 ( 2 6 )  
1 8 8  8 ( 4 8 )
B (  1 1 2 ) - B ( 2 1 1  ) - B ( 2 1 3 )  4 8  7 ( 3 6 )
C (  1 1 6  ) ~ B (  2 1 1  ) - B (  2 1 3  )  6 ?  3 (  2 9  >
B k 1 1 8  ) - B (  2 1 1  ) - B (  2 1 3 )  1 8 9  8 (  3 2  )  
B ( 1 U  ) - 8 (  2 1 1  ) - B (  2 1 4  )  8 2  2 (  2 9  )
B (  1 1 3 ) - B ( 2 1 1 ) - B (  2 1 4  )  1 2 5  0 ( 4 9 )  
B (  1 1 7  ) - B <  2 1 1  ) - B (  2 1 4 )  71 5 ( 4 1 )
B (  2 1 2 ) - B ( 2 1 1  ) - B (  2 1 4  )  ¡ 8 2  8 ( 3 7 )  
B (  1 1 1  ) - B (  2 1 1  ) ~ B (  2 1 5  > 7 4  3 ( 3 4 )
B <  1 1 3  ) - B (  2 1 1  ) “ B (  2 1 5 )  3 5  6 ( 3 6 )
PC 1 1 7 ) - B ( 2 1 1 ) - B ( 2 1 5 )  9 2  2 ( 4 6 )
B ( 2 1 2 ) - B ( 2 1 1 ) - B ( 2 1 5 )  6 1  7 ( 3 6 )
PC 2 1 4  ) - B (  2 1 1  ) ~ B (  2 1 5 > 9 6  7 ( 3 1 )
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6 ( 1 1 1  > - B <  2 1 1  > - B (  2 2 B  • 1 0 3  1 < 3 3  )  
B < 1 1 3 ) - B <  2 1 1  ) - B ( 2 2 8 )  3 7 .  7 ( 4 3 )  
B '  1 1 7 ) - B (  2 1 1  > - B (  2 2 0  > 4 $  9 (  3 6  )
S'- 2 1 2  ) - B >  2 1 1  ) - B (  2 2 0  )  1 0 5  0<  3 S  )  
6 ( 2 1 4  ) - B (  2 1 1  > - B <  2 2 0  )  5 8  5 (  2 5  )
B< 1 11 ) - 6 (  2 1 2  ) - B (  1 1 2  > 8 4  6 (  5 6  >
B< 1 1 2  ) - B <  2 1 2  ) - B (  1 1 3  > 6 9  5 (  4 4 )
B d l  2  ) - B <  2 1 2  > - 6 ( 1 1 4 )  1 1 7  8 (  4  3  )  
B< 1 1 1  ) - 6 ( 2 1 2  ) - B (  2 1 1  )  1 0 $  7 < € 5  )  
B< 1 1 3  ) - B (  2 1 2  > - 6 ( 2 1 1  )  3 7  2 (  3 S  >
B (  1 1 1  > - 6 ( 2 1 2 ^ - 6 ( 2 1 3 )  4 4  8 ( 5 1 )
B (  1 1 3  ) - B (  2 1 2  ) - B (  2 1 3  )  1 0 2  2 <  56* > 
B (  2 1 1  > - B <  2 1 2  ) - B (  2 1 3  > 6*5 9 <  3 7  )
B< 1 1 2 ) - B ( 2 1 2 ) - B ( 2 1 5 > 9 7 . 8 ( 4 2 )  
B< 1 1 4  > - 6 ( 2 1 2  > - 9 ( 2 1 5 )  41 6 ( 3 2 )
B (  2 1 3  ) - B (  2 1 2  ) - 6 (  2 1 5  )  1 1 0  0 < 4 3 >  
B'. 1 1 2  > - B ( 2 1 2  ) - C (  2 1 6  )  1 4 0  8 ( 3 6 )  
B< 1 1 4  ) - 6 (  2 1 2  ) - C ( 2 1 6  )  2 3  8 (  2 9  )  
B< 2 1 3  2 1 2  > - C <  2 1 6  > 1 1 2  8>: 3 4  )
B ( 1 U  2 1 2  ) - B (  2 1 7  )  2 9  1 < 3 9  >
B< 1 1 3  )- B<  2 1 2  ) - 6 (  2 1 7  )  1 3 3  5< 4 6  ) 
B< 2 1 1  >-P< 2 1 2 ) - B <  2 1 7  )  1 1 6  7< 3 9  )  
B (  2 1 5  ) - B '  2 1 2  > - B (  2 1  7 )  1 9 0  6 < 3 3 >  
B d l l  > - B <  2 1 3  > - B <  1 1 2  > 1 0 9  4 <  5 9  > 
B< 1 1 2  >~ B < 2 1 3  ) - B (  1 1 3  > 5 4  4 ( 3 0  )
B < 1 1 2 > - B <  2 1 3 > - B < 1 1 5 > 1 2 5  1 < 6 9 > 
B< 1 1 1  > - B < 2 1 3 ) - C <  1 1 6 >  1 4 3  7 < 4 5 >  
B< 1 1 3  >~ B < 2 1 3  > - C <  1 1 6 )  8 5  K 2 8 )
B d l l  > - B (  2 1 3  > - B <  12 0  > 6 3  4< 3 5  >
B< 1 1 3  > - B <  2 1 3  ) - B <  1 2 0  > 9 5  3<  2 7  > 
C< 1 1 6  > - B < 2 1 3 ) - B d 2 0 >  1 0 5  I k 2 8 )  
B < 1 1 2  > - B (  2 1 3 ) - B (  2 1 1  )  3 3  4 ( 2 7 >
B (  1 1 5  >-B< 2 1 3  > - B <  2 1 1  > 1 2 5  . 7 ( 5 7  > 
B (  1 2 0 > - B ( 2 1 3 ) - B ( 2 1 1  .> 1 1 0  5 (  3 9  > 
B (  1 1 2  >-F< 2 1 3  > - B (  2 1 2  )  7 7  5< 3 9  >
B ‘ 1 1 5  ' - B >  2 1 ?  -P-. 2 1 2  • 1 4 9  9 < 9 4 )  
B< 1 2 9 > - B < 2 1 3 > - B < 2 1 2 >  8 4  3 ( 3 3 >
B d l l  > - B ( 2 1 3 ' - B < 2 1 4  )  1 2 4  4 ( 4 3  > 
B (  11 3  2 1 3  > - B ( 2 1 4  ) 81 4>. 2 8  >
C< 1 1 6  > - B ( 2 1 3 > - B ( 2 1 4 > 2 5  8 ( 1 8 >  
9 ( 2 1 1  >-•< 2 1 3  ) • § < 2 1  4 > 6 2  1 < 2 9  >
K  1 1 1  - B >  2 1 3  y-B>. 21 7  ) 76* 1 < 3 2  >
B<: 1 l  3  >-f< 2 1  3 > - § <  2 X 7 >  8 7  1 < 3 0  >
C (  1 1 6  ) • § < 2 1  3  y -B< 2 1 7  ) 1 3 2  6'. 3 9  > 
B (  2 1 1  >-B < 2 1 3  > - B (  2 1 7  > 1 1 2  5<' 76* > 
B ( 2 1 4  >~ B < 2 1 3  > ~ B ( 2 1 7  > 1 8 6  8 > .3 0 y  
B d l  2  > -B ( 2 1 3  > - B (  2 1 8  y 1 3 4  3 (  4  8  > 
B ( 1 1 5 y - B < 2 1 3 y - B < 2 1 8 >  3 7  6 ( 3 1  >
B ( 1 2 0 y - B <  2 1 3 y - B < 2 1 8 )  31 2 ( 2 4  >
P< 2 1 2  y - B ‘ 2 1 3 ) - B ( 2 1 8  > 111 6 ( 3 6 >  
B (  2 1 7  >-®< 2 1 3  > -B (  2 1 8  > 6 8  9 ( 2 7 >  
A u (  9  y ~ B (  2 1 4  > - B <  1 1 2 )  1 2 9  3 ( 2 5 )
B (  1 1 2  > - 6 ( 2 1 1  >-B< 2 2 0 )  
C(  1 1 6  ) - B -  2 1 1  y-B< 2 2 9  > 
B (  1 1 8  > - 6 ( 2 1 1  >-B< 2 2 9  > 
B (  2 1 3  > - B (  2 1 1  >-B( 2 2 0  > 
2 1 5  > - B (  2 1 1  >-B( 2 2 0  > 
B d l l  > - 6 ( 2 1 2 >-B( 1 1 3 >  
B d l l  > - B ( 2 1 2 >-B( 1 1 4  > 
B( 1 1 3  > - B (  2 1 2  >-B( 1 1 4  > 
B ( 1 1 2 > - B ( 2 1 2 > - B ( 2 U  ) 
B( 1 1 4  > - B (  2 1 2  ) - B (  2 1 1  > 
B (  1 1 2  > - B ( 2 1 2  > - B ( 2 1 3  > 
B d l 4  y - B ( 2 1 2 . y - B ( 2 1 3 . y  
B d l l  > - B ( 2 1 2 > - B ( 2 1 5 >  
B( 1 1 3  > - B (  2 1 2  >-B( 2 1 5  >
6 ( 2 1 1  >• 
B d l l  >- 
B ( 1 1 3 >- 
6 ( 2 1 1 ) ’  
B( 2 1 5  >• 
B < 1 1 2  >’  
B d l  4  >• 
B (  2 1 3  >- 
C ( 2 1 6 > -
B < 2 12> -  
B(  2 1 2  >’  
B(  2 1 2  >• 
6 (2 1 2 )-  
B ( 212 >• 
B ( 2 1 2 ) ' 
6 ( 2 1 2 ) -  
B ( 2 1 2 > -  
6 (2 1 2 )-
6 ( 2 1 5  y 
C(  2 1 6  > 
C (  2 1 6  > 
C (  2 1 6  > 
C (  2 1 6  > 
6 ( 2 1 7 )  
6 ( 2 1 7 )  
B( 2 1 7  > 
B( 2 1 7 )
1 3 6 . 9 ( 4 9 )  
7 6 .  8 ( 2 8 )  
2 5 . 0 ( 2 3 )  
1 9 5  6 ( 3 3 )  
5 2  3 ( 3 1  > 
1 4 1  4 ( 7 8 )  
8 7 .  9 ( 4 8 )  
8 9  5 ( 4 4 )  
3 4 . 2 ( 2 5 )  
9 3  8 ( 4 1 )
41 6 ( 2 8 )
9 9 . 2 ( 3 8 )  
1 2 3 . 2 ( 5 3 )  
3 9 .  6 ( 3 6 )  
6 4  5 ( 3 6 )  
8 5  1 ( 4 9 )  
9 6  6 ( 4 2 )
1 1 6  9 ( 3 6  )  
5 7 . 5 ( 3 1  > 
1 9 4  8 ( 3 5 )  
6 0 . 6 ( 3 6 )  
6 3  6 ( 3 2  > 
5 7 . 2 ( 2 5 )
B d l l  ) - B ( 2 1 3 ) - B (  1 1 3 )  6 3  3 ( 3 8 )
B d l l  ) - B (  2 1 3  ) - B (  1 1 5 )  1 2 3  8 ( 6 4 )  
B d l  3  ) - B (  2 1 3  ) - B (  1 1 5 )  1 4 1  9 ( 4 6 )  
B d l  2  ) - B (  2 1 3  ) - C (  1 1 6 )  5 8 . 0 (  3 3  )
B ( 1 1 5 > - 6 ( 2 1 3 ) - C ( 1 1 6 )  7 9  8 ( 4 5 )
6 (  1 1 2 ) - B ( 2 1 3 ) - B (  1 2 9 )  1 4 3  7 ( 4 9 )  
6 ( 1 1 5  ) - 6 (  2 1 3  ) - B (  1 2 0  )  6 4 . 8 (  3 8  )
B (  1 1 1  > - 6 ( 2 1 3  > - B (  2 1 1  )  9 2  1 ( 4 5 )
B ( 1 1 3 ) - 6 ( 2 1 3 ) - B ( 2 U  )  2 6  8 ( 2 7 )
C d  1 6  ) - 6 <  2 1 3  ) - B (  2 1 1  > 5 8  2 (  2 8  >
B d l l  y - B (  2 1 3  ) - B (  2 1 2  > 77 2 (  3 8  )
B (  1 1 3 ) - B ( 2 1 3 ) - B ( 2 1 2 )  3 1 . 4 ( 3 8 )
C d  1 6  ) - B (  2 1 3  ) - B (  2 1 2  )  1 1 6  4 (  3 9  )  
B< 2 1 1  > - B <  2 1 3  y - B ( 2 1 2  )  5?. 7 (  3 6  )
B d l  2  ) - 6 (  2 1 3  ) - B (  2 1 4 )  7 6 .  3 (  3 8  )
B (  1 1 5 ) - B ( 2 1 3 ) - B ( 2 1 4  y 6 4 . 0 ( 4 1 >  
B (  1 2 8  ) - B (  2 1 3 ) - B (  2 1 4 )  8 8  8 (  2 7  )
B< 2 1 2  > - 6 ( 2 1 3  ) - B (  2 1 4  )  1 0 8  3< 3 7  )  
B (  1 1 2  > - 6 ( 2 1 3  ) - B (  2 1 7 )  1 4 8 . 9 ( 4 5 )  
B d l  5  ) - 6 <  2 1 3  ) - B (  2 1  7  )  8 8  1 (  4 6  )
P< 1 2 8  ) - B <  2 1 3  ) - B (  21 7  )  2 9  5< 2 3  )
B (  2 1 2  ) - 6 (  2 1 3  ) - B (  2 1  7  )  6 4  4 (  3 4  )
B d l l  ) - B ( 2 1 3 ) - B ( 2 1 8 )  9 4  6 ( 4 1  )
B (  1 1 3  ) - B (  2 1 3  ) - B (  2 1 8  )  1 1 0 .  7 ( 2 8 )  
C d  1 6  ) - B (  2 1 3  ) - B (  2 1 8  )  7 9 .  5 (  2 8  )
B (  2 1 1  ) - B (  2 1 3  ) - B (  2 1 8  )  1 1 1  9 ( 3 3 )  
6 ( 2 1 4  ) - B (  2 1 3 ) - B (  2 1 8  )  5 8  2 ( 2 6 )
8 u (  9  > - B (  2 1 4  ) - 0 u (  9 s  )  2 2 . 8 ( 5  >
0 u ( 9 *  ) - 6 (  2 1 4 ) - B ( 1 1 2 )  1 4 2  . 1 ( 2 8 )
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A u k  9  ) - B (  2 1 4  > - B <  1 1 5  > 
B < ¡ 1 2  ' > - 6 ( 2 1 4  ) - B k 1 1 5  ) 
A u (  9 3  ) - B (  2 1 4  ) - € <  1 1 6  > 
B< 1 1 5  ) - B <  2 i  4  ) - C <  1 1 6 )  
Au> $ »  >-B • 2 1 4  ) - B k 1 1 7 )  
B< 1 1 5 ) - B (  2 1 4  ) - B (  1 1 7 )  
A u ‘ :? >-•< 2 1 4  ) - B k 2 1 1  • 
B ( U 2 ) - B k 2 1 4  ) - B (  2 1 1  )  
C <  1 1 6 ) - B <  2 1 4  >-B ( 2 1 1 )  
A u ( 9 ) - B > 2 1 4  ) - B ( 2 1 3 )  
B (  1 1 2  ) - B (  2 1 4  '-P i 2 1 3 )  
C< 1 1 6  >-B< 2 1 4  ) - B <  2 1 3 )  
Bk 2 1 1  ) - B <  2 1 4  ) - B < 2 1 3  > 
Auk 9  a >-B ( 2 1 4 ) - B < 2 1 8 ) 
B ( 1 1 5 ) - B • 2 1 4  B < 2 1 8 )
B ‘ 1 1 7  ) - B k <?14 ) - B (  2 1 8  )  
B ( 2 1 3 ) - B * ¿ Í4  * - B < 2 1 8 )  
A w  9 * ) - B '  2 1 4  ) - B <  2 2 8  )  
B< 1 1 5  ) - B >  2 1 4  ' - B (  2 2 8  )  
B (  1 1 7  ) - B '  2 1 4  ) - B ( 2 2 8  )  
B (  2 1 3  ) - B (  2 1 4  ) - B < 2 2 8 )  
A W 9 ) - B ( 2 1 5 ) - B < 1 1 3 )  
B< 1 1 3  ) - B <  2 1 5  >-F< 1 1 4  > 
B (  U 3 ) - B <  2 1 5 > - B < 1 1 7 )  
A w  9 > - B <  2 1 5  - B <  U S )  
B< 1 1 4  >-F< 2 1 5 > - B ( U 8 )  
A w  9 ) - B <  2 1 5  > - B ( 2 1 1  > 
F-1J4 ) - B C 2 1 5 ) ~ B < 2 1 1  > 
F< U 8 ' - B - . 2 1 5 ' - B < 2 1 1  ) 
6 <  1 1 3  >-F' 2 1 5 > - B < 2 1 2  > 
F< U ? ) - B < 2 1 5 ) - B < 2 1 2 )  
B< 2 1 1  >-F< 2 1 5 ) - B < 2 1 2 )  
B (  U 3 ) - B <  2 1 5 > - C < 2 1 6 )  
B< I l ? ) - B < 2 i 5 > - C < 2 1 6 )  
B ( 2 1 1  >-F< 2 1 5 ' - C <  2 1 6 )  
A u ‘  9 ) - B -  2 1 5  - B < 2 2 0  > 
F*. 1 1 4  > - B ‘ 2 1 5  - B k 2 2 0 )  
F- U 8 ' - B ' , 2 1 5  ' - B i 2 2 0 )  
B< 2 1 2  ) - B ‘ 2 1 5 ) - B ( 2 2 Q )  
A W 9 ' - C < 2 1 6  ) - B (  111 ) 
B< 11 1  ) - C <  2 1 6  ) - B (  1 1 3 >  
B d l l  ) - C ( 2 1 6 ) - B <  1 1 4 )  
A W  9 ' - € <  2 1 6  ) - B (  1 2 0 )  
B < 1 1 3  ) ~ C <  2 1 6  ) - B <  1 2 0 )  
Au< 9 ) - C (  2 1 6  ) - B (  2 1 2  )  
B (  1 1 3  ) “ € < 2 1 6  ) - B ( 2 1 2 )  
B< 1 2 0  >-C< 2 1 6 ) “ B ( 2 1 2 )  
B ( 1 U  > - C ( 2 1 6 ) - B <  2 1 5 )  
B< 1 1 4  ) - € <  2 1 6  ) -B <.  2 1 5  )  
B< 2 1 2  ) - € (  2 1 6  ) - B (  2 1 5  )  
B < 1 1 1  > - C <  2 1 6  ) - B (  2 1 7 )  
B (  1 1 4  ) - € (  2 1 6  ) - B <  2 1 7 )  
B (  2 1 2 > - C <  2 1 6  ) - B <  2 1  7 )
9 9  5 < 2 6 )  
6 4  2 < 2 2 )  
1 5 1  ?< A S  )  
9 3  9 k 40 > 
1 8 7 .  7 ( 2 3 )  
1 2 1  8 < 38> 
9 9  7< 2 5  > 
31 0<2 8  ) 
7 5 . 9 ( 3 7 )  
1 8 8  3 ( 2 7 )  
3 7 . 1 ( 2 3 )  
S S  S ( 4 1 >  
5 7 . 5 ( 2 7 )  
6 9  8 ( 1 9 >  
40 3 ( 2 1  > 
1 3 7  1 ( 3 7 )  
5 9  5 k 2 6  )  
6 4  2< 1 9  > 
1 2 9  1 ( 3 8 )  
44 4 ( 2 2 )  
1 8 3  7 ( 3 3 )  
1 2 3  5 ( 4 5 > 
9 3  9 ( 5 6 )  
55  2 ( 4 2 )  
54 4 ( 3 7 )  
1 1 2  6 ( 6 1  > 
188  0 ( 3 8 )
97  I k 4 6 )
9 8  7(57) 
37 2 (3 9 )  
8 2 . 2 ( 3 3 )  
5 3  8 k 3 2 )  
98  9 (  54 )
1 3 4  3 ( 3 8 )  
111 5k 40  > 
5t> 4 ( 2 5 )  
1 8 3  4 k 5 2 )  
31 4 ( 3 6 )  
1 8 5  9 ( 4 2 )  
9 3  6 ( 2 2 )  
5 2  5 ( 2 2 )
6 1 . 1 ( 4 6 )  
5 5  1 (1 5 )  
86  9 ( 2 4  ) 
1 8 8  4 ( 2 6 )  
2 9  5 ( 2 4 )
7 3  9 (  2 4 )  
88 1 ( 3 1 )  
3 5  2 ( 4 7 )  
68  3 ( 3 8 )  
33  5 ( 2 1 )
74 1 ( 5 1 )  
5 9  8 ( 2 6 )
Au<S*>-F<2/4 ) - B (  1 1 5 )  
AW 9  ) - B (  2 1 4  ) - € (  1 1 6 )  
B (  1 1 2 ) - B (  2 1 4  )~C( 1 1 6  )  
Au ( 9  ) - B (  2 1 4  ) - B (  1 1 7  )  
B (  1 1 2 ) - B ( 2 1 4  ) - B (  1 1 7 )  
€ ( 1 1 6  ) - B (  2 1 4  ) - B (  1 1 7  )  
AW  9 *  ) - B (  2 1 4  ) - B k 2 1 1  )  
B (  1 1 5  ) - B <  2 1 4  -F- i H >  
B (  1 1 7 ) - B <  2 1 4  ) - B (  2 1 1  )  
A W  9 » ) - B <  2 1 4  ) - B (  2 1 3 )  
B (  1 1 5 ) - B '  2 1 4  ' - B k 2 1 3  ) 
B (  1 1 7  ) - B (  2 1 4  ) - B (  2 1 3  )  
AW 9 ) - B ( 2 1 4  ) - B ( 2 1 8 )  
B (  1 1 2  ) - B (  2 1 4  ) - B (  2 1 8  )  
€< 1 1 6  ) - B k 2 1 4  ) - B (  2 1 8  )  
B ( 2 U ) - B k 2 1 4  ) - B ( 2 1 8 )  
HUK 9 )-B( 21 4 '-P ( I M  > 
B k 1 1 2 ) - B k 2 1 4 ) - B k 2 2 8 )  
C (  1 1 6  ) - B (  2 1 4  ) - B (  2 2 8  )  
B (  2 1 1  ) - B (  2 1 4  ) - B (  2 2 8  > 
B( 2 1 8  ) -B ‘ 2 1 4  ) - B k 2 2 8  > 
AW  9 )-B< 2 1 5  ) - B (  1 1 4  )  
A W  9 ) - B (  2 1 5  ) - B (  1 1 7  )  
B( 1 1 4  ) - B (  2 1 5  ) - B (  1 1 7 )  
B( 1 1 3 ) - B (  2 1 5 )~B ( 1 1 8  )  
B k 1 1 7  ) -B k 2 1 5  ) - B (  1 1 8 )
1 1 0  1 ( 2 7 )  
1 6 5  7 ( 4 5 )
6 2 . 8 ( 3 5 )  
9 9 . 0 ( 2 2 )  
58  1 ( 2 2 )
6 9  7 ( 3 6 )  
1 1 8  1 ( 2 6 )  
88 7 ( 3 8 )  
3 2  9 ( 2 6 )  
1 1 9  6 ( 3 8 )  
31 4 ( 2 2 )
9 8  2 (  2 8 )  
6 2  1 ( 1 8 >  
9 6  6 k 3 8 )
1 3 2  1 ( 4 6 )
1 8 8  2 ( 3 6 )  
5 5  3 ( 2 8 )  
8 9  9 ( 2 5 )
1 1 2  1 ( 4 5 )  
5 9  0 ( 2 4 )
1 8 9  9 ( 34 ) 
5 8  2 ( 3 3 )  
91 0 ( 2 6 )
1 1 5  2 ( 4 9 )
1 1 9  1 ( 7 7 )  
6 3  9 ( 4 7  )
B k 1 1 3  >-F< 2 1 5  )-B< 2 1 1  )  38  1 ( 3 6 )
B( 11  7  >-F< 2 1 5  ) - B (  2 1 1  )  28  5(  2 5  >
Auk 9  >-B( 2 1 5  > - B ( 2 1 2  )  1 8 3  4(  31 )
B< 1 1 4  ) - B (  2 1 5  ) - B (  2 1 2  )  5 7  6(  38 > 
Bk 1 1 8  ) - B k 2 1  5 ) - B (  2 1 2  )  1 3 6  7 (  61 ) 
A W  9 )-B(  2 1 5  ) - € (  2 1 6  )  7 2  2(  2 3  )
B( 1 1 4  ) - B (  2 1 5  ) - C ( 2 1 6  )  2 1  8( 34 )
Bk 1 1 8  ) - B (  2 1 5  ) - € (  2 1 6  )  1 2 5  2 (  54 ) 
B ( 2 1 2 ) - B ( 2 1 5 > ~ C < 2 1 6  )  6 2  2 ( 3 3 '
Bk 1 1 3  ) - B k 2 1 5  ) - B (  2 2 8  )  9 1  2 (  54 )
Bk 1 1 7  ) - B (  2 1 5  ) - B k 2 2 8  • 38 5(  2 5  )
Bk 2 1 1  ' - B k 2 1 5  )-B( 2 2 8  )  6 1 3 ( 3 4 )
C(  2 1 6 ) - B ( 2 1 5  )-B< 2 2 8  )  1 2 3  4(  4 3 )  
A w  9 )- €(  2 1 6  ) - B (  1 1 3 )  8 7  1 (  28  )
A W  9 ) - € (  2 1 6  ) - B (  1 1 4 )  4 7  5 (  39  >
BK U 3 ) - C ( 2 1 6 ) - B (  1 1 4  )  48  2 ( 4 1 )
B( 1 1 1  ) - € (  2 1 6  ) - B (  1 2 8  > 51 3(  1 9  )  
B( 1 1 4  )-C< 2 1 6  )- B (  1 2 0  )  68  9 ( 4 8  ■
B d l l  > - € ( 2 1 6 ) - B ( 2 1 2 )  2 6  3 ( 2 3 )
Bk 1 1 4  ) - € ( 2 1 6  >- B( 2 1 2 )  5 5  7 ( 4 5 )
Aw. 9 ) - C k 2 1 6  )- B (  2 1 5  )  6 8  8( 24 )
B( 1 1 3 ) - C (  2 1 6  ) - B (  2 1 5  )  31 1 ( 2 3 )  
B( 1 2 0  ) • € (  2 1 6  ) - B (  2 1 5  )  9 6  8 ( 3 2 )
A W 9 ) - C ( 2 1 6 ) - B ( 2 1 7 )  81 8 ( 2 2 )
B( 1 1 3 ) - C (  2 1 6  ) - B (  2 1  7  )  8 3  2 ( 2 7 )
B k 1 2 0  ) - C (  2 1 6  ) - B (  2 1 7  )  2 7  1 ( 2 8 )
B ( 2 1 5 ) - C ( 2 1 6 ) - B ( 2 1 7 )  1 8 4  8 ( 3 6 )
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Fui 9 '-F i 2 1  7  '-P i 1 1 1 )  1 8 4 . 7 < 4 3 )
B < 1 1 1  '-P i 2 1 7  '-F i 1 1 4  )  7 3  6 <  4 B  '
F i l l !  '-P i 217  ) - B (  1 1 3 )  6*5 1 < 3 9  >
Fu< 9 .'-Fi 2 1 7  ) - B <  1 2 9  )  3 6  6 ( 3 2 )
F< 1 1 4  ) - B (  2 1 7 ) - B (  1 2 8  )  8 4  K  4 4  )
Fui 9  ) - B (  2 1  7  ) - B <  2 1 2  )  9 1  5 (  2 7  >
B< 1 1 4  > - B <  2 1 7  .'-Fi 2 1 2  > 52 7 i2 7 '
F* 1 2 8  '-P ' 2 1 7  >-B>. 2 1 2  ' 1 1 6  6 < 3 6 )  
B (  111  >-P< 2 1 7  >-B< 2 1 3 ' 3© Pi 37 >
F< 1 1 3  ) ~ B C 2 1  ? > - B (  2 1 3 )  2 8 .  3 <  2 8  )
Pi 2 1 2  >-P< 2 J 7 >-8< 213.' 52 Fi 2 « >
F' 111 >-P< 217 .'-Ci 216* > 35 .1 i  35 >
F< 11 5 ) - B (  2 1 7  ) - C (  2 1 6  )  1 2 3  7 < 3 6 >  
B ( 2 1 2 ) - B < 2 1 7 ) - C < 2 1 6 )  6 3  6 < 2 6 >
Fu< 9  >-Fi 217 .'-Fi 21.9 > 53 3<  1 7  )
Pi 1 1 4  '- FC217 ) - B < 2 1 8  > .91.7< 35 > 
Fi 120 '-P i 217 '-F i 21F > 2F. 1<  35 > 
B < 2 1 3 ) - B <  2 1 7 ) - B < 2 1 9 '  3 9  6 ( 2 8 )
A u < 9 ' - B < 2 1 8 ) “ A u < 9 a ' >  2 3  1 ( 4 )
Fui 9 3  '-P i 21F '-F< 111.' 1 1 4  9i 2 2  )  
Fui9 i '- F i2 1 8 ) - B < 1 1 3 )  1 2 9  6 < 3 9 )  
Fui 9  '- F< 21 F >-Fi 12F > 7 8  9 <  3 1  >
B < 1 1 1 .'-P i2 1 8 .'-P i1 2 8 )  34 6 <  3 2  >
0UK 9  ) -B> .  2 1 8  ) - B (  2 1 3  )  1 1 2  0 <  25.»
F i l l !  - B ( 2 1 8  .'-Pi 213 > 31 0i 25 >
F( 1 2 9  ) - B < 2 1 8  ) - B (  2 1 3  )  8 5 . 6 ( 3 9 )
0 u < 9 3 ' - B < 2 1 8 > - B < 2 1 4 ' >  6 4  5 ( 1 9 )
B< 1 1 3  '-F< 21F >-F« 2 1 4  ' 6*5 K 3 3  >
B < 2 1 3 ) - B < 2 1 8 ) - B ( 2 1 4 )  6 2  3 ( 2 8  ' 
* v <  9 3 ^ 8 ( 2 1 8 ) - B <  2 1 7 '  1 1 4  3 <  2 5  )  
F< 113 .'-Fi 21F >-0i 21 7 .' F2. 5i 34 > 
B< 2 1 3  ) - B <  2 1 8  ) - B (  2 1 7  )  6 8  5i 2 8  )
Fu< .9 '-P i 220 '-Fui 9a > 27 2< F »
Fu*. ? j  '-F< 22F '-P i 113' 126* 5i 32 > 
Fu- 9 3  -F-. 2 2 8  >-B< 114' F3 1V 23 ' 
Fu< 9 '-F1. 220 '-Ci 11©*' 103 Fi 21 .'
F* 113 >-F- 220 '-C i 116*.) 8 1  2 <  2 3  >
A u ( 9 ) - B < 2 2 9 ) - B ( l l ? )  1 3 8  9 < 3 8 )
Fi 113 '-F i 220 '-P i 117' 59 9( 32 '
C < 1 1 6 > - B < 2 2 9 ) - B ( 1 1 7 )  4 9  4 < 2 5  '
Fu( 9a '-F ( 220 >-F< 11F > 1 9 3 . 9 ( 4 3 )  
B k 1 1 4  >-Fi 220 '-F< 11F > 54 7i 4 5 .'
F- 117 '-F< 220 >-F< 11F > 1 1 7  2 <  5 9  ' 
0 u O ê ) - B < 2 2 9 > - B < 2 1 1 > 1 2 4  2 ( 3 1  )  
F1. 114 >-P< 220 '-P i 211 > 70 Fi 31 >
Fi 117 '-P i 220 >-F< 211' 35 3i 33 >
Fu< 9 >-F^  220 >-F< 214 > F2 9i 24 > 
B k 1 1 3  ) - B <  220 ) - B (  2 1 4  > F5 2(' 2F > 
C< 11F >-F< 220 >-F( 214 > 21 Fi 1F > 
B < 1 1 8  't - B <  2 2 9  ) - B <  2 1 4  )  1 4 8  8 < 6 3 >  
0 u (  9  '-F< 220 '-F< 215 > F5 ? <  3 4  '
F< 113 >-F( 220 >-F( 215.> 3 6  8 <  2 7  )
C < t l 6  ) - B < 2 2 9 ) - B ( 2 1 3 )  1 1 3  8 <  3 4  >
8 u < 9 ) - B ( 2 1 7 > - B <  1 1 4 )  4 8  0 ( 2 9 )
0 u <  9  ) - B (  2 1  7  > - B (  1 1 5  > F l . FC20 >
F( 114 ) - B <  2 1 7  ) - B (  1 1 5 )  18 8  4< 37 >
F< 1 1 1  > - B ( 2 1 7 ) - B <  1 2 9 )  
8'. 1 1 3 > - B k 2 1 7 > - 8 <  1 2 9 )  
B< 1 1 1  > - B < 2 1 7 ) - B ( 2 1 2 >  
B <  1 1 5  > - B <  2 1 7  > - B <  2 1 2 )
Au< 9  ) - B <  2 1 7  ) ~ B <  2 1 3  )  
B< 1 1 4  ) - B <  2 1 7  > - B <  2 1 3 )  
F< 1 2 8 ) - B < 2 1 7 ) - B ( 2 1 3 >  
9 ) - B <  2 1 7  > - C <  2 1 6  )
B (  1 1 4  ) - B <  2 1 7  ) - C <  2 1 6 )  
B < 120 ) - B < 2 1 7 ) - C ( 2 1 6 >
B< 2 1 3  ) - B (  2 1 7  ) - C <  2 1 6  )  
B < 1 1 1 ) - B <  2 1 7 ) - B ( 2 1 8 )  
P< 11 5  ) - B <  2 1 7  ) - B (  2 1 8  )
B(  2 1 2  )~B< 2 1 7  )-B< 2 1 8  ) 
C< 2 1 6  ) - B <  2 1 7  ) ~ B <  2 1 8 ' 
8 u < 9 ) -8 <  2 1 8 > - B <  1 1 1  )
8 u <  9 ) - B <  2 1 8  ) - B <  1 1 5 )  
B< 1 1 1  ) - B < 2 1 8 ) - B (  1 1 5 )  
Fui 9a '-P( 2 1 8 ) - B ( 1 2 8  ' 
Fi 1 1 5  ) - B (  2 1 8  ) ~ B (  1 2 9 )  
Fui 9a >-Fi 21F >-Fi 213 > 
F( 11 5  ) ~ B <  2 1 8  ) - B <  2 1 3  )  
Fui 9 ) - B <  2 1 8  ) - B (  2 1 4  > 
F i l l i ) - B <  2 1 8 ) - B <  2 1 4 )  
Fi 120 >-F( 21F >-F< 214 '
8 u <  9  ) - B <  2 1 8  ) - B <  2 1 7  )  
B d l l  > - B ( 2 1 8 ) - B ( 2 1 7 )  
Fi 120 >-Pi 21F >-Fi217> 
B< 2 1 4  ) - 6 <  2 1 8  ) - B <  2 1 7  )  
Fui 9 >-F( 220 '-F i 113 > 
Fui 9 >-Fi 220 .'-Fi 1 1 4  )  
P< 113 '-F i 220 '-F< 114' 
Fui 9a '-F i 220 .'-Ci 116*' 
B< 1 1 4  >-P< 220 .'-Ci 11F> 
Fui 9a >-Fi 220 .'-Fi 117.' 
Fi U 4 ) ~ B < 2 2 8 ) - B <  1 1 7 )  
Fui 9.'-F i 220 >-B< 1 1 8 )  
B< 1 1 3  ) - B <  2 2 9  > - B <  1 1 8 )  
Ci 11F '-F i 220>-Fi 1 1 8  )  
Fu< 9 ) - B < 2 2 9  ) - B ( 2 l  1 > 
Fi 113 >-F( 2 2 9  ) - B (  2 1 1  )  
C (  1 1 6  ) - B ( 2 2 9  ) “ B < 2 1 1  )  
Fi 11F.'-Fi 220 .'-Fi 211 .' 
Fui 9a '-P i 220 .'-Fi 214 > 
F( 114 ,'-P\ 220 >-F< 214 ' 
F ill7 .'-F i220  '-Fi214 ' 
Fi 211.'-F i 220 '-F i 214 ' 
Fui 9a .'-Fi 2 2 9 ) - B ( 2 1 5 )  
Fi 114 '-F i 220'-F i 215 ' 
Fi 11 7  ) - B <  2 2 9  > - B <  2 1 5  )
1 1 8  2 ( 6 9 )  
6 3 . 6 ( 4 1 )  
2 2  2 ( 3 1 )  
7 9  7 ( 3 1 )  
8 9  7 ( 2 6 )  
8 6  0 ( 3 5 )  
8 6 9( 5 9 )  
6 2  7 ( 1 9 )
2 5  4 ( 2 7 )
9 8  4 ( 4 2 )  
1 9 7  9 ( 3 5 )
9 4 . 9 ( 4 9 )  
3 5  5 ( 1 9 )  
1 9 1  3 ( 3 8 )  
1 1 3  7 ( 3 4 )  
9 7  4 ( 2 9 )  
1 3 6  3 ( 3 4 )  
5 7  5 ( 2 8 )  
9 5  9 ( 3 3 )  
1 9 9  1 ( 4 7 )  
1 1 7  4 ( 2 7 )  
2 9  7 ( 2 6 )
7 7 .  8 ( 2 8 )  
8 3  3 ( 2 6 )  
1 2 1 . 5 ( 4 3 )
9 9  1 ( 2 2 )
3 8  4 ( 2 2 )
2 6  7 ( 2 9 )
1 1 9  5 ( 3 9 )  
1 8 8  7 ( 3 1 )
6 8  6 ( 1 9 )  
4 8  6 ( 2 4 )
8 5  9 (  1 9  ' 
9F 7i2F>
1 3 5  0 ( 3 6 )  
1 8 5  6 ( 3 8 )  
7 8  1 ( 4 1 )
6 9  3 ( 4 1 )  
1 4 9  1 ( 5 3 )  
1 2 1  3 ( 3 5 )
3 9  5 ( 2 6 )  
5 2 .  7 ( 2 3 )  
9 9  4 ( 4 8 )  
6 7  6 ( 2 9 )
8 6  1 ( 3 1  )  
6 9  1 ( 3 9 )  
6 2  5 ( 2 6 )
1 1 1  8 ( 3 8 )  
3 2  2 ( 3 9 )  
9 3  6 ( 4 9 )
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B> 1 1 8  ) - B <  2 2 8  ) - B k 2 1 5> 
B- 2 1 4  B < 2 2 0 ) - B ( 2 1 5 )
P <  1 ) - C ( 3 U  ) - C ( 3 1 6  )
C (  3 1 1  ) - C (  3 1 2  ) - C (  3 1 3  )  
C (  3 1 3 ) - C <  3 1 4 ) - C (  3 1 5 )
C (  3 1 5  ) ~ C (  3 1 4  ) ~ C (  3 1 6 )  
C < 3 1 1  ) - C (  3 1 6  ) ~ C (  3 1 4  > 
C ( 3 1 4 ) - C <  3 1 6 ) - C ( 3 1 5 )  
F (  I  >-C< 3 2 1  )-C< 3 2 6  >
C< 3 2 1  >-C< 3 2 2  ) - C (  3 2 3  )
C < 3 2 3  ) - C (  3 2 4  ) - C (  3 2 5 )  
C (  3 2 1  ) ~ C (  3 2 6  >-C< 3 2 5  > 
P< 1 ) “ C (  3 3 1  ) - C ( 3 3 6 >
C < 3 3 1  >-C< 3 3 2  > - C <  3 3 3  > 
C (  3 3 2  >-C< 3 3 3  ) - C <  3 3 5  >
C< JJJ >-C< JJ4 ) - C (  J75 > 
C< JJJ >-C< JJ5 >-C< 5Jb* > 
C (  3 3 1  >-C< 3 Jb* >-C\ 3 3 5  > 
P < 2 > - C < 4 1 1 > - C < 4 1 6 > 
C < 4 1 1 > - C < 4 1 2 ) - C < 4 1 3 >  
C < 4 1 3  > ~ C <  4 1 4  ) - C (  4 1 5  > 
C < 4 1 1  >-C < 4 1 6  > - C (  4 1 5  > 
P (  2  > - C <  4 2 1  > - C <  4 2 6  '
C< 421 >-C< 422 > - C <  4 2 3  >
C ( 422 > - C < 4 2 3 > - C < 4 2 5 > 
C< 4 2 3  > - C <  424  >-C< 425 ' 
C< 42J >-C< 425 >-Cí 42b* >
C< 421 >-C< 42b* >-CC 425 > 
P <  2  > - C <  4 3 1  > - C < 4 3 6 >
C < 4 3 1  > - C < 4 3 2 > - C < 4 3 3 >
C < 4 3 3  > - C <  4 3 4  > - C <  4 3 5  > 
C*. 4 3 1  > - C <  4 3 6 > - C \  4 3 5  >
35 .  3< 4 9 )  
1 8 9 .  9 ( 4 1  >
1 1 8  3< 1 4 )  
1 1 3  4 ( 1 9 )  
121 9 ( 2 1  >
3 3  8 ( 1 3 )  
9 1 . 0 ( 1 2 )  
31 3 ( 1 2 )
1 1 2  4 ( 1 1  ) 
1 1 2 . 8 ( 1 5 )
1 1 3  5 (  1 9  > 
1 1 3  7 ( 1 4 )
1 1 9  8 ( 1 6 >
1 1 3  4 ( 1 8 >  
9 3  3 ( 1 3 >
122. 5 ( 3 0 )  
98.  8(  1 6 )  
1 2 1  4 ( 2 1 )  
1 1 6  9 ( 1 9 )
1 1 4  5 ( 1 8 )  
1 1 8  6 ( 2 2 )
1 1 4  0 ( 2 3 )  
1 1 3  2 ( 1 4 )  
1 0 5 . 8 ( 1 5 )
9 2 .  5 ( 1 3 )
1 1 1  6 k 1 9 )  
9 0 . 2 ( 1 3 )
1 1 5  1 ( 2 0 )  
189  4 ( 1 1 )
1 1 2  6 ( 1 6 )
1 1 8  ? (  1 9 )  
111 6 ( 1 5 )
B (  2 1 1  > -B <  2 2 0  > - B (  215 )  6 6  4 (  3 4  >
F (  1 ) - C (  3 1 1  ) - C (  3 1 2 )  1 1 7  4 ( 1 4 )
C ( 3 1 2 ) - C ( 3 U ) - C < 3 1 € )  1 1 6  2 ( 1 7 )  
C (  3 1 2  > - C (  3 1 3  > - C (  3 1 4  > 1 1 3  8 (  2 0  > 
C (  3 1 3  ) - C (  3 1 4  ) - C (  3 1 6  )  9 3  1 ( 1 4 )
C (  3 1 4  > - C (  3 1 5  ) ~ C (  3 1 6 )  1 1 4  9 ( 2 1 )  
C ( 3 U  ) - C ( 3 1 6 ) - C ( 3 1 5 )  1 1 8  1 ( 1 9 )  
P ( 1 ) - C ( 3 2 1 ) - C ( 3 2 2 )  1 1 1  2 ( 1 2 )
C (  3 2 2 ) - C ( 3 2 1 ) ~ C ( 3 2 6 )  1 1 8  6 ( 1 5 )  
C (  3 2 2  ) ~ C (  3 2 3  ) - C (  3 2 4  )  1 1 8  5 ( 1 6 )
C (  3 2 4  ) - C (  3 2 5  >-C< 3 2 6  )  
P (  1 >-C< 3 3 1  ) ~ C (  3 3 2  >
C (  3 3 2  ) - C (  3 3 1  ) - C (  3 3 6  )  
C (  3 3 2  ) - C (  3 3 3  ) - C (  3 3 4  )  
C (  3 3 4  ) - C (  3 3 3  >-C( 3 3 5  )
3 3 3 ) - C (  3 3 5  ) - C (  3 3 4  )  
C (  3 3 4  ) - C (  3 3 5  > - C (  3 3 6  )  
P ( 2 ) - C ( 4 1 1  ) - C ( 4 1 2 )  
C ( 4 1 2 ) - C ( 4 U  ) - C ( 4 1 6 )  
C ( 4 1 2 ) - C ( 4 1 3 ) - C ( 4 1 4  > 
C ( 4 1 4 ) - C ( 4 1 5 ) - C ( 4 1 6 )  
P ( 2 ) - C (  4 2 1  ) - C (  4 2 2  )
C ( 4 2 2 ) ~ C ( 4 2 1  ) - C ( 4 2 6 )  
C <  4 2 2  > • € <  4 2 3  K <  424 > 
C ( 4 2 4 ) - C ( 4 2 3 ) - C ( 425 > 
C ( 4 2 3 ) ~ C ( 4 2 5 ) - C (  4 2 4  )  
C ( 4 2 4 ) - C ( 4 2 5 ) - C (  4 2 6  '
P ( 2 ) - C ( 4 3 1  ) - C (  4 3 2 )
C (  4 3 2  ) - C (  4 3 1  ) - C (  4 3 6 )  
C (  4 3 2  ) - C ( 4 3 3 ) - C ( 4 3 4  )
1 8 8  9 ( 1 7 )
1 2 0  8 ( 1 7 )
1 2 1  8 ( 2 1 )  
1 2 2 . 4 ( 2 1 )
2 9  4 ( 1 5 )  
2 8  1 ( 1 8 )  
1 1 8  7 ( 2 5 )  
1 1 4  2 ( 1 4 )  
1 1 0  6 ( 2 8 )
1 1 1  3 ( 2 7 )  
1 1 3 . 9 ( 2 1  )  
1 1 4  9 ( 1 2 )  
1 1 2 . 2 ( 1 7 )  
1 1 4  8 ( 2 1 )
3 5  3 ( 1 1 )  
3 3  1 ( 1 3 )
1 1 2  4 ( 1 7 )  
1 1 0  9 ( 1 3 )  
1 8 7 . 9 ( 1 4 )  
1 0 8  4 ( 1 5 )
C (  4  3 4  ) ~ C (  4 3 5  ) - C (  4 3 6 )  1 1 2  8 ( 1 9  )
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Table 46. F ina l fra c tion a l coordinates (x  10*),
with standard d evia tions in  parenthesis, fo r  
(arachno-9 .6 ,6 , -Au(CB0H12)2 ] [AuW cyclo-CgH, 1 ) 3>2) (1 0 ).
f h j < 3 ) 4 9 9 8  2 ( 6 ) 3 1 4 9  3 ( 5 ' 2 1 7 2  0 ( 4  ) 5 8 (  1 ) $
0 uk ? ) 4 2  5< 1 2 ) 1 0 O 1  2 ( 9 ) 3 2 5 0  4 ( 8  ) 6 7  (  1 ) t
8 u (  9 * ) - 3 9 3  9 ( 1 6 ) 1 1 4 3  7 ( 1 3 ) 2 8 3 9  4 ( I O ) 6 7  (  1 ) t
P (  1 ) 3 5 2 8 ( 4 ) 4 2 5 2 ( 3 ) 3 8 4 5 ( 2 ) 6 1 ( 2 ) *
P-.i  > 6 3 9 8 < 4 ) s o r s ( 4 > 1 2 4 8 ( 3 ) 7 1 ( 2 ) *
B< 101 ) 2 3 0 1 ( 2 2 > 2 4 5 ( 2 0 ) 1 5 5 9 ( 1 4 ) 9 5 ( 1 2 ) *
B'. 1 0 2 ) 3 0 2 7 ( 2 5 ) - 6 7 3 ( 2 2 ) 2 1 1 6 <  1 3 ) 1 0 4 ( 1 4 ) *
B k 1 0 3 ) 1 7 6 5 ( 2 2 ) - 9 6 3 ' .  21 > 1 9 2 7 (  1 4 ) 9 6 ( 1 2 ) *
B k 1 0 4  ) 7 6 4 ( 2 3 ) 3 0 4 ( 2 1  ) 1 9 1 3 ( 1 5 ) 1 8 5 ( 1 3 ) *
B k 1 0 9 > 2 7 4 7 ( 2 2 > 7 6 6 ( 2 8 ) 2 3 1 1 ( 1 3 ) 9 3 ( 1 2 ) *
C < 1 8 6 ) 2 6 6 9 ( 2 2 ) - 2 4 7 ( 1 8 ) 3 8 6 7 ( 1 1 ) 1 2 2 ( 1 3 ) *
B < 1 8 7 ) 1 9 1 9 ( 2 3 )  - 1 1 9 0 ( 2 0 ) 2 8 8 2 ( 1 5 ) 1 8 5 ( 1 3 ) *
B k 1 0 8  > 5 7 0 ( 2 4 ) - 6 9 5 ( 1 8 ) 2 7 4 3 ( 1 6 ) 1 1 7 ( 1 3 ) *
B k 1 1 0 > 1 3 7 3 ( 2 3 ) 1 3 7 1 ( 2 2 ) 2 8 9 8 ( 1 6 ' 1 1 3 ( 1 3 ) *
B k 111  ) + - 1 6 0 9 ( 4 2 ) 2 9 2 3 ( 3 8 ) 4 5 6 4 ( 2 7 ) 7 9 ( 1 3 )
B< 1 1 2  ) + - 3 0 0 1 ( 3 5 ) 2 7 2 7 ( 3 8 ) 4 3 9 8 ( 2 2 ) 6 4 ( 11 )
B< 1 1 3 ' + - 2 2 6 2 ( 4 3 ) 1 6 7 6 ( 4 0 ) 4 8 3 9 ( 2 7 > 7 3 ( 1 3 )
B< 1 1 4  ) + - 7 6 1 ( 4 5 ) 1 6 2 0 ( 4 1 ) 4 4 4 4 ( 2 9 ) 1 0 0 ( 1 6 )
B (  1 1 5  )+ - 1 8 7 3 ( 3 2 ) 3 3 2 8 ( 2 8 ) 3 6 3 8 ( 2 8 ) 5 9 ( 1 0 )
C < 1 1 6 ) + - 2 8 1 2 ( 2 8 ) 2 3 9 9 ( 2 5 ) 3 4 7 3 (  1 8 ) 6 7 ( 9 )
B< 1 1 7  ) + - 2 8 7 7 ( 4 0 ) 1 3 5 4 ( 3 5 > 4 1 2 9 ( 2 5 ) 8 1 ( 1 3 )
B <  1 1 8 ) + - 1 3 6 3 ( 3 6 ) 5 2 7 ( 3 2 ) 4175(25) 5 6 ( 1 0 )
B k 1 2 0 ) + - 4 5 0 ( 3 8 ) 2 7 8 6 ( 3 3 ) 3 7 0 1 ( 2 7 ) 7 2 ( 11 )
B k 2 1 1  H - 2 7 2 8 ( 4 7 ) 1 9 2 4 ( 4 2 ) 4 4 4 2 ( 3 1  ) 9 6 ( 1 6 )
B k 2 1 2 ) + - 1 8 9 2 ( 4 7 ) 2 4 0 8 ( 4 4 ) 4 8 6 U  3 8 ) 9 7 ( 1 6 )
B (  2 1 3  ) + - 2 1 4 8 ( 4 5 ) 3 8 9 2 ( 3 8 > 4 1 4 7 ( 2 9 ) 8 9 ( 1 4 )
B< 2 1 4 ) + - 2 8 7 0 ( 3 8 ' 2 1 7 0 (  3 3 ) 3 4 0 9 ( 2 4 ) 7 7 ( 1 2 )
B <  2 1 5 ) + - 1 4 2 8 ( 5 6 ) 9 8 9 ( 5 1 > 4 6 2 1 ( 3 6 ) 1 2 8 ( 2 1  )
C (  2 1 6 ' + - 3 5 9 ( 3 5 ' 1 6 9 3 ( 3 1 ) 4 6 7 7 k 2 2  ' 9 6 ( 1 2 )
B k 2 1  7  •+ - 7 1 1 ( 4 2 ) 2 9 4 1 ( 3 8 > 4 2 3 4 ( 2 7 ) 9 8 (  1 4  )
B <  2 1 8  ) + - 9 4 7 (  3 8  ) 2 8 4 5 ( 3 2 ) 3 3 2 1 k 2 4 ) 6 8 ( 11 )
B < 2 2 0 ) + - 1 7 5 8 ( 4 3 ) 8 7 8 ( 3 9 ) 3 8 3 6 ( 2 8 ) 8 5 k 1 4 )
C< 3 1 1  ■' 2 9 0 0 ( 2 8 ) 3 4 9 8 ( 1 5 ' 3 8 9 5 ( 1 8 ) 9 7 (  1 1  ) *
C <  3 1 2 ) 3 5 1 5 ( 2 5 ) 2 4 3 3 < 1 8 ) 3 9 9 7 (  1 2 ) 1 4  7 ( 1 6 ) *
C ( 3 1 3 ) 2 8 5 0 k 2 2 ) 1 8 1 4 ( 1 7 ) 4 6 7 9 ( 1 3 ) 1 1 9 ( 1 4 ) *
C < 3 1 4 ) 2 2 2 9 ( 2 7 ) 2 4 6 4 ( 2 8 ) 5 3 3 5 (  1 2 ) 1 6 6 ( 1 8 ) *
C < 3 1 5 ) 1 6 7 0 ( 2 6 ) 3 5 0 1 ( 2 2 ) 5 2 6 5 ( 1 4 ) 1 5 2 ( 1 6 ) *
c< <• ) 2 2 4 3 ( 2 0 ) 4 0 9 6 ( 1 6 ) 4 6 0 3 ( 9 ) 1 0 6 ( 1 1 ) *
C< 3 2 1  ) 4 0 5 4 ( 1 4 ) 5 3 2 4 ( 1 2 ) 3 3 4 1 ( 8 ' 6 0 ( 7 ) *
C < 3 2 2 > 4 4 9 0 ( 1 5 ' 6 0 5 1 ( 1 3 ) 2 6 5 9 k 9 ' 7 3 (  8 ' *
C < 3 2 3 ) 4 9 9 5 - ,  1 7  > 6 9 1 8 ( 1 5 ) 2 8 7 2 (  1 1  ) 9 4 ( 1 8 ' *
C (  3 2 4  ) 5 8 9 0 ( 1 9 ) 6 4 4 8 ( 1 7 ) 3 2 6 3 (  1 3 ) 1 0 7 ( 1 2 ) *
C < 3 2 5 ' 5 4 6 0 ( 1 8 ) 5 7 7 2 ( 1 5 ) 3 9 6 8 ( 1 0 ) 8 8 ( 1 0 ) *
C ( 3 2 6 ) 4 9 7 2 <  1 5 ' 4 9 0 8 ( 1 2 ) 3 7 4 0 k 9 ) 6 9 (  8 ) *
C< 3 3 1  ) 2 3 8 4 ( 1 8 ) 4 8 3 7 ( 1 9 ) 2 6 2 7 ( 1 2 ) 1 1 9 ( 1 2 ) *
C> < > ) 1 3 7 1 ( 1 5 ) 5 6 9 5 ( 1 3 ) 3 0 2 5 ( 1 0 ' 8 0 ( 8 ) *
C < 3 3 3 ) 5 1 3 ( 1 3 ) 6 1 4 3 ( 2 8 ) 2 5 8 2 k 1 4 ) 1 4 3 ( 1 4 ) *
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Table 46 continued
C* < ' 4  ) 5 2 4 ( 2 6  ) 5 7 1 1 ( 2 6 ) 1 9 5 5 ( 1 8 ) 182 < 2 2  ) t
C< 3 3 5  ) 1 3 9 9 ( 1 9 ) 4 9 1 4 ( 1 7 ) 1 5 9 8 ( 1 2 ) 9 9 ( 1 1 ) t
C< 3 3 6  > 2 2 9 7 ( 2 1  ) 4 4 6 8 ( 2 3 ) 1 9 6 5 ( 1 3 ) 1 8 3 (  1 7  ) t
C< 4 1 1  ) 7 3 1 6 (  1 3  > 2401-21 ■ 1 8 2 5 ( 1 2 ) 1 1 0 ( 1 2 ) $
C ( 4 1 2 ) 7 $ 6 0 i l 9 > 3 5 8 8 ( 1 9 ) 1 2 2 9 ( 1 5 ) 1 2 4 ( 1 3 ) $
C ( 4 1 3 ) 9 6 4 2 ( 2 4 ) 3 7 7 4 ( 2 5 ) 1 6 7 9 ( 1 9 ) 1 8 6 ( 2 2 ) $
C (  4 1 4  ) 9 SO  3( 2 1  > 345 9- .  22 > 2 6 9 ( 1 5 ) 1 9 3 (  1 8  )$
C ( 4 1 5 ) 9 7 7 6 ( 2 1  ) 2 3 2 5 ( 2 6 ) 1 8 1 ( 1 5 ) 1 9 9 ( 2 8 ) $
C ( 4 1 6 ) 3 6 1 7 ( 1 9 ) 21 3 7-  22 ) 2 1 7 ( 1 2 ) 1 2 5 ( 1 3 ) $
C < 4 2 1  > 654 6- .  1S > 6 1 1 ( 1 4 ) 1 5 9 0 ( 1 6 ) 8 9 ( 9 ) $
C< 4 2 2  ) 7 4 1 6 ( 1 9 ) - 1 9 7 ( 1 5 ) 9 9 1 ( 1 2 ) 1 8 9 ( 1 1 )$
C ( 4 2 3 > 7 3 4 3 ( 1 9 ) - 1 3 4 6 - .  16 > 1 3 6 5 ( 1 3 ) 1 1 8<  1 3 ) $
C < 4 2 4  ) 7 5 3 4 ( 2 1  > - 1 4 8 3 ( 1 7 ) 2 0 7 8 <  1 4 ) 1 3 3 (  1 5 ) $
C ( 4 2 5 ) 6 7 9 4 ( 2 0  ) - 6 7 5 ( 1 6 ) 2 6 3 3 ( 1 3 ) 1 1 2 ( 1 3 ) $
C i  4 2 6  > 6 7 5 0 ( 2 1  ) 4 4 8 ( 1 5 ) 2 3 1 7 ( 1 8 ) 1 8 9 ( 1 2 ) $
C ( 4 3 1 > 5962-.  1 5  ■ 2 1 6 1 ( 1 3 ) 3 6 7 ( 9 ) 7 2 ( 8 ) $
C < 4 3 2 ) 5 7 0 6 ( 1 7 ) 3 3 4 5 ( 1 2 ) 8 5 ( 1 8 ) 7 9 <  9  )$C<4 3 3 > 5 2 6 0 ( 1 9  y 3 4 6 3 ( 1 5 ) - 6 1 6 ( 1 1 ) 9 5 (  11 )$
C < 4 3 4 ) 4 1 4 5 ( 2 0 ) 3 6  2  8< 1 6 ) - 4 0 7 (  11 ) 1 6 3 ( 1 2 ) $
C < 4 3 5 » 4 3 6 2 ( 2 0  ) 1 8 9 2 ( 1 6 ' - 1 6 2 ( 1 1 ) 1 8 3 (  1 2 ) $C< 4 3 6  ) 4 8 3 5 ( 1 6 > 1 7 1 7 ( 1 4 ) 5 1 7 ( 9 ) 7 6 ( 9 ) $
t  E q u i v a l e r l i  i s o i  r o p  i c  U  d e f i n e d  a s  o n e  i h i r d  o f  i h e  
t r a c e  o f  i h e  o r i h o e o n a l i s e d  U  i e n s o r  
*  O c c u p a n e v o f  i h e s e  a  i o n s  i s  0  5
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deviations in  parenthesis, fo r  
[ (CBgH  ^^ Au) (AuPPhj) j (AuCBqH^ 2 ) 1 (11 ).
Table 47. Intera tonic distances (pm), w ith  standard
e m > - A u < 2 >  
P u ( l ) - P u ( 5  > 
P u ( 1 ) - P ( 1 )  
P u ( 2 ) - B u ( 4 )  
A u ( 2 ) - 0 u ( 7 )  
f i u ( 2 ) - B ( 2 8 8 )  
A u ( 3 ) - 0 u ( 4 )  
A u ( 3 ) - P ( 3 )  
P u ( 4 ) - A u ( 5 )  
P u ( 4 ) - P ( 4 )  
B u ( 5 ) - 0 u ( 7 )  
P u ( 5 ) - B ( 1 0 8 )  
0 u (  6  ) - P (  6  )
P u < € ) - B ( 1 1 0 )  
P (  1 ) - C (  1 1 1 )
P (  1 >-C< 1 3 1  )
P (  3 > - C (  3 2 1  )
P (  4  ) - C (  4 1 1 )
PC  4  ) - C (  4 3 1  > 
P ( 6 ) - C < 6 2 1 )
P C 7 ) ~ C ( 7 1 1 )
P C 7 ) - C ( 7 3 1 )
B C 1 0 1 ) - B ( 1 0 3 )  
B C 1 0 1 ) - B ( 1 0 5 )  
B C 1 0 2 ) - B C 1 0 3 )  
B C 1 0 2 ) - C C 1 0 6 )  
B C 1 0 3 ) - B C 1 0 4 )  
B C 1 0 3 ) - B C 1 0 8 )  
B ( 1 0 4 ) - B ( 1 1 0 )  
B C 1 0 5 ) - B C 1 1 0 )  
B C 1 0 7 ) - B C 1 0 8 )  
B C 2 0 1  ) - B C 2 0 3 )  
B C 2 0 1 ) - B ( 2 8 5 )  
B ( 2 8 2 ) - B ( 2 8 3 )  
B ( 2 0 2 ) - C ( 2 0 6 )  
B < 2 0 3 ) - B < 2 0 4 )  
B ( 2 0 3 ) - B ( 2 0 8 )  
B C 2 0 4 ) - B C 2 1 0 )  
B ( 2 8 5 ) - B ( 2 1 0 )  
B C 2 0 7 ) - B C 2 0 8 )  
C C 1 1 1 ) - C C 1 1 6 )  
C ( 1 1 3 ) - C ( 1 1 4 )  
CC U 5 ) - C ( U 6 )  
C C 1 2 D - C C 1 2 6 )  
C ( 1 2 3 ) ~ C ( 1 2 4 )  
C ( 1 2 5 ) - C ( 1 2 6 )  
CC 13 1  ) - C (  1 3 6 )  
C C 1 3 3 ) - C < 1 3 4 )  
CC 1 3 5  ) - C C  1 3 6 )
2 . 8 2 3 C 2 )
2  7 2 4 C 2 )
2 . 2 8 3 ( 1 8 )
2 . 8 8 3 ( 2 )
2  6 5 7 ( 2 )  
2 . 3 5 3 ( 3 6 )  
2  9 9 3 ( 2 )
2  2 8 4 ( 8 )
2  7 1 2 ( 2 )
2  3 2 4 ( 9 )
2  9 3 9 ( 2 )
2  3 8 3 ( 3 8 )  
2 . 2 9 7 ( 9 )
2  2 5 4 ( 3 1 )  
1 7 9 1 ( 3 6 )  
1 7 9 6 ( 3 4 )  
7 6 3 ( 3 5 )  
8 2 0 ( 2 9 )  
8 3 7 ( 2 8 )  
7 9 5 ( 3 2 )  
8 1 9 ( 3 8 )  
7 8 4 ( 3 7 )  
7 9 6 ( 6 2 )  
7 8 8 ( 5 0 )  
8 5 3 ( 6 0 )  
6 5 8 ( 4 6 )  
7 9 2 ( 5 2 )  
7 9 7 ( 5 1 )  
1 . 8 6 8 ( 5 6 )  
1 8 1 6 ( 5 1 )  
1 9 3 0 ( 6 3 )  
1 9 1 4 ( 5 6 )  
1 7 3 3 ( 6 0 )  
1 7 8 3 ( 6 5 )  
1 . 6 5 9 ( 5 5 )  
1 7 7 7 ( 5 8 )  
1 7 6 1 ( 5 1 )  
1 8 7 3 ( 5 2 )  
1 8 8 6 ( 6 9 )  
1 8 9 5 ( 6 1 )  
1 3 8 7 ( 5 0 )  
1 3 8 5 ( 6 2 )  
1 4 5 0 (  7 0 )  
1 2 9 9 ( 4 8 )  
1 3 6 9 ( 4 9 )  
1 4 1 1 ( 4 9 )  
1 375(56) 
1 4 6 0 (  5 9 )  
1 4 1 4 ( 4 5 )
A u (  1 ) - B u ( 3 )  
A u ( l ) - A u ( 7 )  
0u ( 2  ) - 8 u ( 3 )  
f i u ( 2 ) - A u ( 5 )  
8 u (  2  ) - B (  2 0 4  )  
0 u ( 2 ) - B ( 2 1 8 )  
A u ( 3 ) - f i u ( 5 )  
A u ( 3 ) - B ( 2 1 0 )  
A u ( 4 ) - P u ( 6 )  
0 u ( 5 ) - f i u ( 6 )  
0 u ( 5 ) - B ( 1 0 4 )  
0 u ( 5 ) - B ( 1 1 0 )  
8 u ( 6 ) - B ( 1 0 5 )  
8 u (  7  ) ~ P (  7 )  
P ( l ) - C ( 1 2 1 )  
P ( 3 ) ~ C (  3 1 1  )  
P ( 3 ) - C ( 3 3 1 )  
P ( 4 ) - C ( 4 2 1 )  
P ( 6 ) - C (  6 1 1  )  
P ( 6 ) - C (  6 3 1  )  
P ( 7 ) - C ( 7 2 1 )  
B ( 1 0 i ) - B ( 1 0 2 )  
8 ( 1 0 1  > - B (  1 0 4 )  
8 ( 1 0 1  ) - B ( 1 1 0 )  
B (  1 0 2 ) - B (  1 0 5 )  
B ( 1 0 2 > - B ( 1 0 7 )  
B (  1 0 3 > - B ( 1 0 7 )  
B (  1 0 4 ) - B ( 1 8 8 )  
B (  1 0 5 ) - C ( 1 8 6 )  
C (  1 8 6 ) - B ( 1 0 7 )  
B ( 2 0 1 ) - B ( 2 0 2 )  
8 ( 2 8 1 ) - B ( 2 8 4 )  
8 ( 2 0 1  ) - B (  2 1 8 )  
8 (  2 8 2 ) - B (  2 0 5 )  
B ( 2 0 2 ) - B ( 2 8 7 )  
B ( 2 0 3 ) - B ( 2 8 7 )  
8 ( 2 8 4  > - 8 ( 2 8 8 )  
B ( 2 0 5 ) - C ( 2 8 6 )  
C ( 2 0 6 ) - B ( 2 8 7 )
c a n  ) - c (  1 1 2 )
C (  U 2 ) ~ C (  1 1 3 )  
C (  U 4 ) - C (  1 1 5 )  
C ( 1 2 1 ) ~ C ( 1 2 2 )  
C ( 1 2 2 ) - C ( 1 2 3 )  
C ( 1 2 4 > ~ C ( 1 2 5 )  
C <  1 3 1  ) - C (  1 3 2 )  
C ( 1 3 2 ) ~ C ( 1 3 3 )  
C ( 1 3 4 ) ~ C ( 1 3 5 )  
C (  3 1 1  ) - C (  3 1 2 )
2  9 6 9 ( 2 )
2  9 3 2 ( 2 )
2  6 9 7 ( 2 )
2  7 8 5 ( 2 )
2  2 3 1 ( 3 3 )  
2 .  3 5 6 ( 4 8 )  
2  8 4 9 ( 2 )
2  9 1 5 ( 3 4 )  
2 . 8 5 8 ( 2 )
2  9 8 2 ( 2 )
2  2 7 4 ( 3 1 )  
2  3 7 8 ( 3 6 )  
2 . 4 4 9 ( 3 3 )  
2 . 3 8 3 ( 1 0 )  
1 . 8 1 1 ( 3 1  )  
1 8 6 4 ( 3 8 )  
1 . 7 7 0 ( 3 8 )  
1 . 8 1 0 ( 3 4 )  
1 8 3 5 ( 3 4 )  
1 7 7 4 ( 4 2 )  
1 . 8 1 8 ( 3 3 )  
1 . 8 1 6 ( 6 1 )  
1 . 7 8 5 ( 5 4 )  
1 7 2 6 ( 4 6 )  
1 7 6 1 ( 6 3 )  
1 8 3 4 ( 6 4 )  
1 9 3 4 ( 5 3 )  
1 . 8 2 8 ( 6 1 )  
1 . 8 9 6 ( 5 4 )  
1 . 6 9 2 ( 5 8 )  
1 7 6 8 ( 7 3 )  
1 8 3 4 ( 5 7 )  
1 7 7 5 ( 5 8 )  
1 7 9 5 ( 6 1  )  
1 7 9 2 ( 6 3 )  
1 8 6 9 (  6 8 )  
1 9 6 2 (  6 8 )  
1 7 8 9 ( 6 3 )  
1 7 8 7 ( 4 9 )  
1 4 8 8 ( 5 1 )  
1 . 4 4 3 (  5 6 )  
1 3 8 8 ( 8 0 )  
1 3 4 1 ( 5 1 )  
1 . 5 4 7 ( 4 9 )  
1 3 8 1 ( 5 1 )  
1 3 9 8 ( 4 6 )  
1 . 3 2 4 ( 4 4 )  
1 . 3 2 9 C  5 8 )  
1 3 1 5 ( 3 9 )
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Table 47 continuad
C ( 3 1 1 ) - C ( 3 1 6 )  
C ( 3 1 3 ) - C < 3 1 4 )  
C ( 3 Í 3 ) - C < 3 ¡ 6 )  
C < 3 2 1 ) - C < 3 2 6 )  
C (  3 2 3 > - C <  3 2 4  )  
C ( 3 2 5 ) - C < 3 2 6 )  
C < 3 3 1 ) ~ C ( 3 3 6 > 
C ( 3 3 3 ) - C < 3 3 4 )  
C ( 3 3 5 ) - C ( 3 3 6 )  
C (  4 1 1  ) - C ( 4 1 6 )  
C (  4 1 3  ) - C (  4 1 4  )  
C (  4 1 5  ) - C (  4 1 6  )  
C ( 4 2 1  ) - C < 4 2 6 )  
C < 4 2 2 > - C < 4 2 4 )  
C < 4 2 4  ) - C (  4 2 5  )  
C (  4 3 1  ) ~ C ( 4 3 2 )  
C ( 4 3 2 ) - C ( 4 3 3  )  
C (  4 3 4  ) - C ( 4 3 5 )
C ( 6 1 1  ) - C (  6 1 2 )  
C (  6 1 2  > - C (  6 1 3  )  
C ( 6 1 4 ) - C ( 6 1 5 )  
C ( 6 2 1 ) - C ( 6 2 2 )  
C < 6 2 2 > - C < 6 2 3 )  
C < 6 2 4  ) - C < 6 2 5 >  
C ( 6 3 1 >-CC 6 3 2  > 
C ( 6 3 2  >~C < 6 3 3  > 
C ( 6 3 4 > - C < 6 3 5  > 
C < 7 1 1 > - C < 7 1 2  > 
C <  7 1 2 ) - C <  7 1 3  > 
C (  7 1 4  )~ C <  7 1 5  )  
C (  7 2 1  ) ~ C (  7 2 2  >
C< 7 2 1  > - C <  7 2 6  > 1 
C ( 7 2 3  > - C < 7 2 4 )  1 
C ( 7 2 5 ) - C ( 7 2 6 )  1 
C < 7 3 1 >-C(7 3 6 )  1 
C ( 7 3 3 > - C ( 7 3 4  > 1 
C < 7 3 5 > - C < 7 3 6 >  1 
C <  1 ) - C ( 4 )  2
I 4 1 7 (  3 6 )  
Í 3 4 7 ( 3 6 )  
I 4 0 6 ( 4 5 >  
Í 3 9 2 ( 4 7 )  
t 4 6 2 ( 5 3 )  
1 4 1 0 ( 5 9 )  
1 3 7 1 ( 5 4 )  
Í 3 8 6 ( 6 0 )  
1 3 8 7 ( 4 7 )
C< 3 1 2 ) - C <  3 1 3 )  1 4 0 3 ( 4 3 )  
C (  3 1 4  ) - C <  3 1 5 )  1 3 3 9 ( 4 1 )  
C (  3 2 1  ) - C (  3 2 2 )  1 . 4 3 3 ( 4 4 )  
C ( 3 2 2 ) - C ( 3 2 3 )  1 3 2 0 ( 5 4 )  
C < 3 2 4 ) - C ( 3 2 5 )  1 3 5 1 ( 5 3 )  
C< 3 3 1  ) - C (  3 3 2 )  1 3 8 9 (  4 4  )  
C (  3 3 2  ) ~ C (  3 3 3  )  1 345(44) 
C ( 3 3 4 ) - C ( 3 3 5 )  1 4 3 8 ( 5 1 )  
C (  4 1 1  ) - C (  4 1 2  )  1 3 7 4 ( 3 9 )
! 3 8 5 ( 3 9 )  
l 3 6 8 ( 4 7 )  
l 4 2 5 ( 5 3 )
I 3 9 7 ( 4 8 )  
? 2 8 4 ( 5 2 )
! 4 0 0 ( 4 6 )
I 3 9 2 ( 4 6 )  
l 3 6 1 ( 4 1  )
I 3 3 0 ( 5 7 )
I 3 5 4 ( 5 7 )
!
[ 4 5 4 ( 6 6 )
I 3 1 6 ( 5 6 )
Í 4 1 6 ( 4 9 )
! 3 2 8 ( 6 8 )
\ 4 2 4 ( 5 5 )  
4 6 5 ( 7 3 )  
2 4 4 ( 5 5 )  
3 4 3 ( 5 8 )  
4 5 7 ( 6 2 )  
3 4 3 ( 7 2 )  
5 0 5 ( 5 2 )  
3 2 5 ( 5 8 )  
3 5 8 ( 7 3 )  
3 0 0 ( 6 9 )  
3 7 7 ( 4 1 )  
3 4 9 ( 6 4 )  
4 4 8 ( 5 6 )  
1 8 4 ( 1 2 7 )
C (  4 1 2  ) - C (  4 1 3  )  1 3 7 9 ( 4 6 )  
C< 4 1 4  ) ~ C (  4 1 5  )  1 3 9 4 ( 5 2 )  
C (  4 2 1  ) - C (  4 2 2 )  1 3 1 8 ( 4 2 )  
C ( 4 2 2 ) - C ( 4 2 3 )  1 3 5 1 ( 5 4 )  
C (  4 2 3  ) - C (  4 2 4  )  1 2 9 7 ( 5 2 )  
C (  4 2 5  ) - C (  4 2 6 )  1 3 7 1 ( 5 3 )  
C (  4 3 1  ) - C (  4 3 6 )  1 . 3 7 4 (  4 8 )  
C ( 4 3 3 ) - C ( 4 3 4 )  1 4 5 4 ( 5 4 )  
C ( 4 3 5 ) - C ( 4 3 6 )  1 4 8 3 ( 4 5 )  
C ( 6 1 1 ) ~ C ( 6 1 6 )  1 4 3 9 ( 5 8 )  
C ( 6 1 3 ) - C ( 6 1 4 )  1 3 2 2 ( 6 3 )  
C ( 6 1 5 ) - C < 6 1 6 )  1 4 1 8 ( 6 3 )  
C ( 6 2 1 ) - C ( 6 2 6 )  1 3 9 4 ( 4 7 )  
C (  6 2 3  ) ~ C (  6 2 4 )  1 3 6 3 (  5 3  )  
C ( 6 2 5 ) - C ( 6 2 6 )  1 . 3 1 6 ( 5 1 )  
C ( 6 3 1 ) - C ( 6 3 6 )  1 3 6 3 ( 4 5 )  
C (  6 3 3 ) - C (  6 3 4  )  1 3 5 2 ( 5 4 )  
C ( 6 3 5 ) - C ( 6 3 6 )  1 4 7 2 ( 6 0 )  
C (  7 1 1  ) ~ C (  7 1 6 )  1 3 8 9 ( 5 3 )  
C ( 7 1 3 ) - C < 7 1 4 )  1 2 9 8 ( 6 4 )  
C ( 7 1 5 ) - C ( 7 1 6 )  1 4 2 3 ( 6 1 )  
C <  7 2 1  ) - C (  7 2 5 )  2  2 4 7 ( 6 5 )  
C ( 7 2 2 ) - C ( 7 2 3 )  1 3 9 5 ( 5 7 )  
C (  7 2 4  ) ~ C (  7 2 5 )  1 4 3 5 (  7 7  )  
C (  7 3 1  ) ~ C (  7 3 2  )  1 3 8 5 ( 6 1 )  
C (  7 3 2  ) - C (  7 3 3 )  1 3 9 3 ( 7 9 )  
C (  7 3 4  ) ~ C (  7 3 5  )  1 4 5 4 ( 6 9 )  
C < J ) ~ C < 2 )  1 3 8 1 < ¡ 1 8 )
C ( 3 > - C ( 4 >  I  3 4 8 ( 1 1 2 )
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Table 46. Interbond angles ( ° ) , w ith standard 
d ev ia tion s  in  parenthesis, fo r
[(CBgH^AuMAuPPhj^tAuCBgH^)] (11).
B u ( 2 ) - B u ( l ) - B u ( 3 )  
B u ( 3 ) - B u ( 1 ) - B u ( 5 )  
B u ( 3 ) - B u ( l  ) - B u ( 7 )  
B u ( 2  ) - B u ( 1 ) - P ( l )
B u ( 3 ) - B u ( 1 ) - P ( 1 )  
B u d  ) - B u (  2  ) - B u (  3 )  
B u ( 3 ) - B u ( 2 ) - B u ( 4  )  
B u ( 3 ) - B u ( 2 ) - B u ( 5  )  
B u d  ) - B u (  2  ) - B u (  7  )  
B u ( 4 ) - B u ( 2 ) - B u ( 7 )  
B u (  1 ) - B u ( 2 ) - B ( 2 0 4  )  
B u  ( 4 ) - B u ( 2 ) - B ( 2 0 4 )  
B u ( 7 ) - B u ( 2 ) - B < 2 9 4 )  
B u ( 3 ) - B u ( 2 ) ~ B ( 2 0 8 )  
B u ( 5 ) - B u ( 2 ) - B ( 2 8 8 )  
B ( 2 9 4 ) - B u ( 2 ) - B ( 2 0 8 )  
B u ( 3 ) - B u ( 2 ) - B ( 2 1 0 )  
B u ( 5 ) - B u ( 2 ) - B ( 2 1 0 )  
B ( 2 8 4 ) - B u ( 2 ) - B ( 2 1 9 )  
B u ( l ) - B u ( 3 ) - B u ( 2 )  
B u (  2  ) - B u (  3  ) - B u (  4  )  
B u ( 2 ) - B u ( 3 ) - B u ( 5 )  
B u ( l  ) - B u ( 3 ) - P ( 3 )
B u (  4  ) - B u (  3  ) - P (  3  )
B u ( 1 ) - B u ( 3 ) - B ( 2 1 0 )  
B u (  4  ) - B u (  3  ) - B (  2 1 0  > 
P <  3  ) - B u (  3  ) - B (  2 1 9 )  
B u ( 2 ) - B u ( 4 ) - B u ( 5  )  
B u ( 2 ) - B u ( 4 ) - B u ( 6 )  
B u ( 5 ) - B u ( 4 ) - B u ( 6 )
B u (  3  ) - B u (  4  ) - P (  4  )  
B u ( 6 ) - B u ( 4 ) - P ( 4 )
B u ( 1 ) - B u ( 5 ) - B u ( 3 )  
B u i  i ) - B u ( 5 ) - B u ( 4 )  
B u ( 3 ) - B u ( 3 ) - B u ( 4 )  
B u ( 2 ) - B u ( 3 ) - B u ( 6 )  
B u ( 4 ) - B u ( 5 ) - B u ( 6 )  
B u i  2 ) - B u ( 3 ) - B u ( 7 )  
B u ( 4 ) ~ B u ( 3 ) - B u ( 7 )  
B u d  ) - B u (  3  ) - B (  1 0 4 )  
B u ( 3 ) - B u ( 3 ) - B < 1 0 4  )  
B u i 6 ) - B u ( 3 > - B < 1 0 4  )  
B u (  1 ) - B u (  3  ) - B (  1 0 8 )  
B u (  3 ) - B u ( 5 ) - B (  1 0 8 )  
B u i  6  ) - B u (  3  ) - B (  1 0 8 )  
B (  1 0 4  ) - B u (  3  ) - B (  1 0 8 )  
B u i  2  ) - B u (  5  ) - B (  1 1 0 )  
B u ( 4 ) ~ B u ( 5 ) - B ( 1 1 0 )  
B u ( 7 ) - B u ( 3 ) - B ( 110)  
B (  1 8 8  ) - B u (  3  ) - B (  1 1 0 )
5 3 . 4
5 9  9
1 0 4  1 0 ( 1 0 )  
1 3 5  0 ( 2 )  
1 6 4  5 ( 2 )
6 5  0
6 4  8 0 ( 1 0 )  
6 2  6  
6 4  6
1 0 7  2 0 ( 1 0 )  
1 4 5  9 ( 1 1 )
9 8  6 ( 1 2 )  
1 2 4 . 8 ( 1 0 )  
1 5 4  7 ( 1 0 )  
1 4 0  2 ( 9 )
5 0  6 ( 1 4 )  
7 0 .  1 ( 9 )  
1 3 1  6 ( 9 )  
4 8  1 ( 1 3 )  
5 9 . 6
6 0  6  
6 0 . 2
121 8( 2 )  
1 2 2  3 ( 3 )  
9 2  7 ( 9 )  
8 1  6 ( 9 )  
1 2 3 . 4 ( 8 )  
3 9  6
1 0 5  8 8 ( 1 0 )  
6 2  8
111 2 (2 )  
1 2 4  9 ( 2 )  
6 4  3 0 ( 1 0 )  
1 1 9 . 0 0 ( 1 0 )  
63 1
1 0 7  0 0 ( 1 0 )  
6 8  9  
3 3  2  
1 0 4  2
9 9  2 ( 1 1 )  
1 0 3  5 ( 9 )
9 4  9 ( 1 8 )  
7 0  2 ( 1 1 )  
1 1 8  3 ( 1 8 )  
1 1 2 . 4 ( 1 1 )  
4 6 .  1 ( 1 4 )  
1 4 9 . 3 ( 9 )  
8 6  4 ( 9 )  
1 3 6  6 ( 8 )  
8 3  0 ( 1 4 )
B u ( 2 ) - 0 u ( l ) - 0 u ( 5 )  6 0 . 2
B u ( 2 ) - B u ( l ) - B u ( 7 )  3 4 . 9
B u ( 3 ) - B u ( l ) - B u ( 7 )  6 2 . 3
B u ( 3 ) - 0 u ( l ) - P d )  1 2 2 . 8 ( 2 )
B u i  7 ) - B u ( 1 ) - P ( l )  1 2 6  1 ( 2 )
B u ( l ) - 0 u ( 2 ) - B u ( 4 )  1 1 0  3 8 ( 1 0 )
B u (  1 ) - B u ( 2 ) - B u ( 5 )  5 8 . 1
B u i 4 ) - B u ( 2 ) - B u ( 5 )  5 7 . 1
B u ( 3 ) - B u ( 2 ) - B u ( 7 )  1 2 0  7 0 ( 1 0 )
B u i 3 ) - B u ( 2 ) - B u ( 7 )  6 5  3
B u (  3 ) - B u ( 2 ) ~ 8 ( 2 8 4  )  1 1 5 . 2 ( 1 0 )
B u ( 5 ) - B u ( 2 ) - 8 ( 2 8 4 )  1 5 5 . 1 ( 1 2 )
B u i 1 ) - B u ( 2 ) - B ( 2 0 8 )  1 1 3 5 ( 1 8 )
B u (  4  ) - B u ( 2  ) - B (  2 0 8  )  1 3 2  1 ( 1 1 )
B u i  7 ) - B u (  2  ) - B (  2 8 8  )  7 6  8 ( 9 )
B u i  1 ) - B u ( 2 ) - B ( 2 1 0 )  1 1 0  2 ( 1 0 )
B u (  4  ) - B u (  2  ) - B (  2 1 0 )  9 4  4 ( 1 1 )
B u (  7  ) - B u (  2  ) - B (  2 1 0 )  1 5 8  4 ( 1 1 )
B (  2 8 8  ) ~ B u (  2  ) - B (  2 1 0 )  8 8  2 ( 1 3 )
B u ( 1 ) - B u ( 3 ) - B u ( 4 )  1 0 3  5 0 ( 1 0 )
B u d  ) - 0 u ( 3 ) - B u ( 5 )  5 5  8
B u ( 4 ) - B u ( 3 ) - B u ( 5 )  5 5 . 3
B u (  2  ) ~ B u (  3  ) ~ P (  3  )  1 7 4 . 6 ( 2 )
B u (  5  ) - B u (  3  ) ~ P (  3  )  1 2 5 . 2 ( 2 )
B u (  2  ) - B u (  3  ) - B (  2 1 8 )  4 9  4 ( 8 )
B u ( 5 ) - B u ( 3 ) - B ( 2 1 0 )  1 8 9  8 ( 8 )
B u (  2  ) - B u (  4  ) ~ B u (  3  )  5 4  6
B u ( 3 ) - B u ( 4 ) - B u ( 5 )  5 9  7
B u ( 3 ) - B u ( 4 ) - B u ( 6 )  1 2 8  7 0 ( 1 8 )
B u i  2 ) - B u ( 4 ) - P ( 4  )  1 1 8  8 ( 2 )
B u (  5  ) - B u (  4  ) - P (  4  )  1 7 8  . 4 ( 2 )
B u ( l  ) - B u ( 5 ) - B u ( 2 )  6 1 . 7
B u ( 2 ) - B u ( 5 ) - B u ( 3 )  5 7 . 2
B u ( 2 ) - B u ( 5 ) - B u ( 4 )  6 3 . 2
B u ( 1 ) - B u ( 5 ) - B u ( 6 )  1 6 1  3 8 ( 1 8 )
B u ( 3 ) - B u ( 5 ) - B u ( 6 )  1 2 4  1 8 ( 1 0 )
B u d  ) - B u ( 3 ) - B u ( 7 )  6 2  2
B u ( 3 ) - B u ( 3 ) - B u ( 7 )  1 0 7  88( 10)
B u (  6  ) ~ B u (  5  ) ~ B u (  7  )  9 9  2 0 ( 1 8 )
B u ( 2 ) - B u ( 5 ) - B (  1 0 4 )  1 5 6  5 ( 1 0 )
B u (  4  ) - B u (  5  ) - B (  1 0 4  > 1 2 4  0 ( 1 1 )
B u ( 7 ) - B u ( 5 ) - B ( 1 0 4 )  1 3 0  5 ( 1 8 )
B u (  2  ) ~ B u (  3  ) - 8 (  1 8 8  )  1 2 7  5 ( 1 0 )
B u ( 4 ) - 8 u ( 3 ) - B (  1 0 8 )  1 6 9  3 ( 1 8 )
B u ( 7 ) - B u ( 3 ) - 8 (  1 0 8 )  8 4  8( 10)
B u d  ) - 0 u ( 3 ) - B (  1 1 0 )  1 4 6  5 ( 8 )
B u ( 3 ) - B u ( 5 ) - B (  1 1 0 )  1 1 5  4 ( 9 )
B u ( 6 ) - B u ( 3 ) - B ( 1 1 0 )  4 9 . 3 ( 8 )
8 ( 1 8 4  ) - B u ( 3 ) - B (  1 1 0 )  4 7  3 ( 1 3 )
B u ( 4 ) - B u ( 6 ) - B u ( 5 )  5 6  3
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Table 48 continued
A u < 4 ) - A u < 6 ) - P < 6 >  1 0 6 .  $<  2 )
rtu< 4  > - 0 u < 6 ) - B <  1 9 5 )  1 3 9  3<  9 )
P ( 6  > - 0 u ( 6 > - B <  1 9 5 )  1 2 2  5<  9 )
A u <  5  ) - 0 u <  6  ) - B <  U 0 >  5 3  1 ( 1 0 )
B (  1 9 5 ) - 0 u ( 6 > - B <  1 1 0 )  4 5 . 2 ( 1 2 )
0 u (  1 > - 0 u ( 7 ) - 0 u ( 5 )  5 5  3
0 u <  1 > - 0 u <  7  ) - P <  7  > 1 2 6  7 ( 2 )
A u (  5  ) - 0 u (  7  > - P (  7  > 1 3 7  2 ( 2 )
t i u (  1 ) - P (  1 ) - C (  1 2 1  )  1 1 2  1 ( 1 1 )
0 u ( 1 ) - P ( 1 ) - C ( 1 3 1 )  1 1 2 . 4 ( 1 3 )
C (  1 2 1  ) ~ P <  1 ) - C (  ¡ 3 1  )  1 0 7  3 ( 1 7 )
A u ( 3 ) - P ( 3 ) - C ( 3 2 1  )  111  8 ( 1 0 )
0 u (  3  > ~ P (  3  ) ~ C (  3 3 1  )  1 1 5  9 ( 1 2 )
C ( 3 2 1 > - P ( 3 ) - C ( 3 3 1 )  1 0 3  4 ( 1 5 )
A u ( 4  ) - P ( 4  ) - C ( 4 2 1  )  1 1 4  2 ( 9 )
8 u (  4  ) - P (  4  ) - C (  4 3 1  )  1 1 6  8 ( 1 1 )
C (  4 2 1  ) - P (  4  ) - C (  4 3 1  )  1 0 2  8 ( 1 5 )
0 u (  6  ) ~ P (  6  ) ~ C <  6 2 1  )  1 1 5  7 ( 1 3 )
0 u (  6  ) ~ P (  6  ) - C (  6 3 1  )  1 1 4  3 ( 1 1 )
C ( 6 2 1  ) ~ P ( 6 ) - C ( 6 3 1  )  1 0 7  5 ( 1 6 )
A u (  7  ) - P (  7  ) - C (  7 2 1  )  1 1 3  2 ( 1 2 )
8 u (  7 ) - P (  ? > - C (  7 3 1  )  1 1 3  M 1 2 )
C ( 7 2 1 > - P ( 7 > - C ( 7 3 1 )  I B i  7 ( 1 7 >
B (  101  > - B (  1 8 4 )  I B S  S < 2 9 >
B (  1 » 2 > - B <  I B I  > - B (  1 B 3 >  3 S  5 < 2 3 >  
B ( I B 4 > - B < I B I > - B ( I B S )  111 9 < 2 3 >  
B < 1 0 3 > - B ( 1 0 1 > - B ( 1 1 0 >  114 2 ( 2 6 1  
B <  1 0 5  > -B <  10 1  > - B <  1 1 0 )  6 2 . 2 ( 2 0 )  
B (  1 8 1  > - 0 ( 1 0 2 > - B (  1 0 3  > 6 8  8 ( 2 3  >
B< 1 0 1  ) - B (  1 8 2 ) - C (  1 0 6  > 1 1 4 .  7 ( 2 8  > 
B < 1 0 5 > - B (  1 0 2 > - C <  1 0 6 )  6 7  3 ( 2 3 )  
B (  1 8 3 > - B <  1 0 2  ) - B (  1 0 7  )  6 3  3 ( 2 3 >  
C <  1 0 6  > - B (  1 0 2  ) ~ B (  1 0 7  > 5 7  7 ( 2 3 )
B (  1 0 1  ) - B (  ¡ 0 3 > - B (  1 0 4  > 3 9 . 7 ( 2 2 )
8 ( 1 0 1 > - B ( 1 0 3 ) - B ( 1 0 7 >  I B S  3 ( 2 5 )  
B< 1 0 4  ) - B (  1 0 3  ' - B (  1 0 7  )  1 0 6  2 ( 2 2 )  
B ( 1 0 2 ) - B ( ! 8 3 ) - B ( 1 0 8 )  1 1 0  9 ( 2 4 )  
B ( 1 0 7 > - B ( 1 0 3 > - B ( 1 0 8 )  6 2 . 2 ( 2 1 )  
0 u (  3  > - B <  1 0 4  > - B (  1 0 3 )  1 2 0  9 ( 2 1 )  
0 u ( 3 ) - B ( 1 0 4 ) - B ( 1 0 8 )  7 0 . 1 ( 1 3 )
B i  1 0 3  ) - B (  1 0 4  ) - B (  1 8 8  )  3 9 . 3 ( 2 1 )
B ( 1 0 1 ) - B ( 1 0 4 ) ~ B ( 1 1 0 )  3 6 . 3 ( 2 8 )
B (  1 0 8 ) - B (  1 8 4 ) - B (  H 0 )  1 1 7 . 2 ( 2 3 )  
0 u ( 6 > - B (  I 0 3 ) - B (  1 0 2 )  140.3( 2 6 )
8 u (  6  ) - B (  1 0 5  ) - C (  1 0 6 )  9 3 . 1 ( 1 3 )
B (  1 0 2  ) - B (  1 0 3  ) - C (  1 0 6 )  3 3  8 ( 2 0 )  
B (  1 0 1  ) - B (  1 0 5  ) ~ B (  1 1 8 )  3  7 . 2 ( 1 9 )
C < { ° i > - B < l 0 3 > - B ( U 0 )  I t 3  8 ( 2 6 )  
B ( 1 0 2 ) - C ( 1 8 6 > - 8 ( 1 0 7 )  6 6 . 4 ( 2 4 )  
B (  1 0 2 > - B (  I 0 7 ) - B (  1 0 3  )  3 8  8 ( 2 1 )  
B (  ¡ 0 3 ) - B (  1 0 7 > - C (  1 0 6 )  1 0 7  3 ( 2 8 )  
B< 1 8 3  ) - B (  1 0 7 ) - B (  1 0 8  )  3 3  4 ( 2 0 )
A u ( 5 ) - B (  10 8 ) - B (  1 0 3 )  1 1 5  3 ( 2 6 )
A u ( 3 ) - 0 u (  6 ) - P ( 6 )  1 4 3 .  3 ( 3 )
0 u ( 3 ) - A u ( 6 ) - B ( 1 0 5 )  8 3  1 ( 1 0 )
0 u ( 4 ) - a u ( 6 ) - 8 ( 1 1 0 >  8 3  3 ( 9 )
P ( 6 ) - 0 u ( 6 ) - B (  1 1 8 )  1 6 1  3 ( 1 0 )
0 u ( l  ) - 8 u (  7  ) - 0 u (  2 )  6 0  5
A u ( 2 ) - 0 u (  7 > - 8 u ( 5 >  3 9  4
A u ( 2 ) - A u ( 7 ) - P ( 7 >  1 6 3 . 3 ( 2 )
0 u ( 1 ) - P ( 1 ) ~ C (  1 1 1 )  1 1 5 . 8 ( 1 4 )
C ( l l l ) - P ( l  ) - C ( 1 2 1 )  ¡ 8 6  2 ( 1 6 )
C (  11 1  ) - P (  1 ) ~ C (  1 3 1  )  1 0 2 . 3 ( 1 3 )
0 u ( 3 ) - P ( 3 ) ~ C ( 3 1 1  )  1 1 3  7 ( 9 )
C ( 3 U ) - P ( 3 ) - C ( 3 2 1 )  1 0 4  6 ( 1 4 )
C ( 3 U ) - P ( 3 ) - C ( 3 3 1 )  1 0 4  1 ( 1 4 )
A u ( 4 ) - P ( 4 ) - C ( 4 1 1 )  1 1 5  6 ( 1 1 )
C ( 4 U ) - P ( 4 ) - C ( 4 2 1 >  1 0 4  8 ( 1 4 )
C (  4 1 1  ) - P (  4  > ~ C (  4 3 1  )  1 0 1  8 ( 1 2 )
0 u ( 6 ) - P ( 6 ) - C ( 6 l l )  1 1 0  8 ( 1 8 )
C ( 6 t  1 ) - P ( 6 ) - C ( 6 2 1  )  1 0 4  0 ( 1 3 )
C ( 6 U ) - P ( 6 ) - C ( 6 3 1 )  1 8 3  4 ( 1 7 )
A u ( 7 ) - P ( 7 ) - C ( 7 t l )  1 1 2 . 3 ( 1 4 )
C ( 7 1 1 ) - P ( 7 ) - C ( 7 2 1 >  1 0 7  0 ( 1 6 )
C (  7 1 1  ) ~ P (  7 ) - C (  731  )  1 0 9  0 ( 1 7 )
B ( I 0 2 ) - B (  1 0 1 ) - B < 1 0 3 >  6 1 7 ( 2 4 )
B ( 1 0 3 ) - B ( 1 0 1 ) - B ( 1 8 4 >  6 0  1 ( 2 2 )
B (  1 8 3 ) - B (  1 0 1  > - B (  1 0 3 )  1 1 0  8 ( 2 7 )  
B ( 1 8 2 ) - B ( 1 0 1 ) - B ( 1 1 8 )  1 1 0  3 ( 2 4 )  
B ( 1 0 4 ) - B ( 1 0 1  > - 8 ( 1 1 8  )  6 4  3 ( 2 1 )
B ( 1 0 t ) - B ( 1 0 2 ) - B ( 1 8 3 )  3 8 . 6 ( 2 3 )
B (  1 0 3 ) - B (  1 0 2 > - 8 ( 1 0 3 )  1 0 9  4 ( 2 9 )  
B (  1 0 3 > - B (  1 0 2 > - C (  1 0 6 )  1 1 2 . 7 ( 2 9 )  
B (  18 1  > - B (  1 0 2 ) - B (  1 0 7 )  1 0 8  8 ( 3 0 )  
B (  1 0 5 ) - B (  1 0 2 > - 8 <  1 0 7 )  1 1 8  3 ( 2 7 )  
B (  1 0 1  ) - B (  1 0 3 > - B (  1 0 2  )  3 9  7 ( 2 3 )
B ( 1 8 2 ) - B ( 1 8 3 ) - B ( 1 0 4 )  1 0 6  8 ( 2 7 )  
8 ( I 0 2 ) - B ( 1 0 3 ) - B ( 1 0 7 >  5 7  9 ( 2 2 )
B (  1 0 1  ) - B (  1 0 3 > - B (  1 8 8 )  1 1 1  2 ( 2 5 )  
B ( I 0 4  > - B (  1 0 3 > - B (  1 8 8 )  6 1  2 ( 2 1 )
0 u ( 3 ) - B (  1 8 4  ) - B (  101 )  1 1 8  3 ( 2 1 )
B ( 1 0 1 ) - B ( 1 8 4 ) - B ( 1 8 3 >  6 0  3 ( 2 2 )  
B (  1 0 1  ) - B (  1 0 4 1 - B ( 1 0 8 )  1 1 0  3 ( 2 7 )  
A u ( 3 ) - B (  1 0 4  > - B (  1 1 0 )  6 9  3 ( 1 4 )
B (  1 0 3 ) - B (  I 0 4 ) - B (  1 1 0 )  1 0 7  8 ( 2 3 )  
A u ( 6 ) - B (  1 0 5 ) - B ( 1 0 1 )  1 1 8  6 ( 2 1 )
B (  10 1  ) - B ( 1 0 3 ) - B (  1 0 2 )  6 1  3 ( 2 3 )
B (  1 0 1  ) - B (  1 8 3  > - C ( l  8 6 )  1 0 3  1 ( 2 7 )  
A u ( 6 ) - B ( 1 0 5 > - B ( 1 1 0 )  6 1 . 7 ( 1 4 )
B (  1 0 2 ) - B (  1 8 5 > - 8 (  1 1 8 )  1 8 8  6 ( 2 8 )  
B (  1 8 2  > - C (  1 0 6  > - B (  1 8 3 )  5 9  0 ( 2 3 )  
B ( 1 0 3 ) - C (  1 0 6 > - B ( I 0 7 >  1 1 0  3 ( 2 3 )  
B (  I 0 2 ) - B (  1 0 7 ) - C ( 1 0 6  )  5 6  8 ( 2 2 )  
8 (  1 8 2 ) - B (  ! 0 7 ) - B (  1 8 8 )  1 0 6  8 ( 2 9 )  
C (  1 0 6 > - B (  1 0 7 > - B (  1 8 8 )  1 2 0  0 ( 3 0 )  
0 u ( 5 ) - B ( 1 0 8  ) - 8 ( 1 8 4 ) 6 3  8 ( 1 6 )
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Table 48 continuai
B ( 1 8 3 ) - B ( 1 0 8 ) - B ( 1 0 4  )  
B < 1 8 3  > - B <  1 0 8  ) - B <  1 0 7 )  
A u ( 5 ) - B (  1 1 0  ) - A u (  6 )  
A u ( 6 ) - B ( U 0 ) - B (  1 0 1  )  
A u C 6 ) - B ( 1 1 0 ) - B ( 1 0 4 )  
A u <  5  ) - B (  1 1 0  ) - B <  1 0 5  > 
B (  1 0 1  ) - B <  U O ) - B <  1 0 5 )  
B ( 2 0 2 > - B ( 2 0 1  ) - B ( 2 0 3 )  
B ( 2 0 3 > - B < 2 0 1 > - B ( 2 0 4 )  
B < 2 8 3 > - B ( 2 0 1 > - B < 2 0 5 > 
B ( 2 0 2 ) - B ( 2 8 1  ) - B (  2 1 0  > 
B< 2 0 4  ) - B <  2 0 1  > - B (  2 1 0 )  
B < 2 0 1  > - B (  2 0 2  ) - B <  2 0 3 )  
B (  2 0 3  ) - B (  2 8 2  ) - B (  2 0 5  > 
B < 2 0 3 ) - B < 2 0 2 ) - C < 2 0 6 >  
B < 2 0 1 ) - B ( 2 0 2 ) - B ( 2 8 7 )  
B < 2 0 5 ) - B ( 2 0 2 > - B < 2 0 7 )  
B ( 2 0 1 ) - B ( 2 0 3 ) - B ( 2 0 2 )  
B ( 2 0 2 ) - B ( 2 0 3 > - B < 2 0 4  )  
B ( 2 0 2 > - B < 2 0 3 ) - B ( 2 0 7 )  
B ( 2 0 1 > - B < 2 0 3 ) - B ( 2 0 8 )  
B ( 2 0 4 ) - B < 2 0 3 ) - B ( 2 0 8 )  
A u ( 2 ) - B ( 2 0 4  ) - B ( 2 0 1  )  
B ( 2 0 1 > - B < 2 0 4 ) - B < 2 0 3  )  
B ( 2 0 1 > - B ( 2 0 4 ) - B ( 2 0 8 >  
A u ( 2 ) - B < 2 8 4 ) - B ( 2 1 0 )  
B ( 2 0 3 > - B ( 2 0 4 ) - B < 2 1 0  )  
B ( 2 0 1 > - B < 2 0 5 ) - B ( 2 0 2 )  
B ( 2 0 2 > - B < 2 0 5 > - C < 2 0 6 )  
B (  2 0 2  ) - B (  2 0 5  ) - B (  2 1 0 )  
B ( 2 0 2 ) ~ C < 2 0 6 ) - B ( 2 0 5 )  
B (  2 0 5  ) - C (  2 0 6  ) - B <  2 0 7 )  
B < 2 0 2 > - B < 2 0 7 ) - C ( 2 0 6 )  
B ( 2 0 2 ) - B ( 2 0 7 ) - B < 2 0 8 )  
C ( 2 0 6 ) - B ( 2 0 7 ) - B < 2 0 8 )  
A u < 2 ) - B ( 2 0 8 ) - B < 2 0 4 )  
A u <  2  ) - B <  2 0 8  ) - B (  2 0 7  )  
B ( 2 0 4 ) - B < 2 0 8 ) - B ( 2 0 7 )  
A u ( 2 ) - B < 2 1 0 ) - B < 2 0 1 )  
A u < 2 ) - B ( 2 1 0 ) - B ( 2 0 4  > 
B ( 2 0 1 ) - B ( 2 1 0 ) - B < 2 0 4  )  
A u (  3  ) - B < 2 1 0  ) - B (  2 0 5  )  
B < 2 0 4 ) - B < 2 1 0 > - B ( 2 0 5 )  
P <  1 ) - C <  1 1 1  ) - C <  1 1 6 )
C < 1 1 1  ) - C <  U 2 ) - C <  1 1 3 )  
C < U 3 ) ~ C (  U 4 ) - C (  1 1 5 )  
C < 1 1 1 > - C < 1 1 6 ) - C < 1 1 5 )  
P <  1 ) - C <  1 2 1  ) - C <  1 2 6 )
C ( 1 2 1  > - C < 1 2 2 ) - C < 1 2 3 )  
C < 1 2 3 ) - C < 1 2 4 ) - C < 1 2 5 )  
C < 1 2 1 ) - C ( 1 2 6 ) - C ( 1 2 3 )  
P (  1 ) - C <  1 3 1  ) - C <  1 3 6  )
C < 1 3 1 > - C < 1 3 2 ) - C < 1 3 3 )  
C < 1 3 3  ) - C <  1 3 4  ) - C <  1 3 5 )
5 9  3 ( 2 1 )  
6 2 . 4 ( 2 0 )  
7 7 . 5 ( 9 )
1 3 3  2 ( 2 3 )  
1 3 6  8 ( 2 2 )  
1 1 5  8 ( 2 2 )
6 0  6 ( 2 0 )  
5 7  8 ( 2 4 )  
3 6  6 ( 2 1 )
1 0 6  3 ( 3 0 )  
1 1 2 . 9 ( 2 9 )  
6 2 . 5 ( 2 1  )  
6 5  2 ( 2 7 )  
1 0 9 . 4 ( 3 4 )
1 1 0  6 ( 3 0 )  
1 1 6 . 6 ( 3 4 )  
1 1 0  8 ( 2 8 )
5 7 . 8 ( 2 5 )  
1 0 5  9 ( 2 7 )  
5 8 .  7 ( 2 5 )  
1 1 5 . 5 ( 2 4 )  
6 7 . 4 ( 2 3 )  
1 1 7 . 9 ( 2 2 )  
64 0 ( 2 3 )  
1 0 9 . 9 ( 2 9 )  
6 9  4 ( 1 5 )
1 1 1  5 ( 2 9 )  
60 1 ( 2 6 )  
5 5 . 1 ( 2 4 )
1 1 0  1 ( 3 1 )  
6 2  6 ( 2 5 )
1 1 4  3 ( 2 9 )  
3 6  3 ( 2 1 )  
1 0 5  5 ( 3 1 )  
1 1 4  1 ( 2 7 )  
6 1 . 5 ( 1 4 )
1 1 1  1 ( 1 9 )  
1 0 3  2 ( 2 5 )
1 1 4  6 ( 2 3 )  
6 2  4 ( 1 6 )  
60 3 ( 2 1 )
1 1 3  8 ( 2 1 )  
1 0 2  4 ( 2 7 )  
1 2 3  1 ( 2 9 )  
1 2 3  2 ( 3 4 )  
1 2 2 . 3 ( 4 8 )  
1 2 1  6 ( 4 1 )
1 1 9  7 ( 2 7 )
1 1 5  0 ( 3 1 )  
1 2 1  3 ( 3 3 )  
1 2 3 . 4 ( 3 3 )  
1 2 1  0 ( 2 5 )
1 2 0  4 ( 3 6 )
1 1 6  8 ( 3 2 )
A u (  5  ) - B (  1 0 8  ) - B (  1 0 7 )  
B (  1 0 4  ) - B (  1 0 8  ) - B (  1 0 7  )  
A u ( 5 ) - B ( 1 1 0 ) - B ( 1 0 1 )  
A u ( 5 ) - B (  U 0 ) - B (  1 0 4 )  
B ( i 8 1  ) - B (  U 0 ) - B (  1 0 4 )  
A u (  6  ) - B (  1 1 0  ) - B (  1 0 5  )  
B (  1 0 4  ) ~ B (  1 1 0  ) - B (  1 0 5 )  
B ( 2 0 2 ) - B ( 2 0 1 ) - B ( 2 0 4 )  
B ( 2 0 2 ) - B ( 2 0 1 ) - B ( 2 0 5 >  
B (  2 0 4  ) - B (  2 0 1  ) - B ( 2 0 5 )  
B (  2 0 3 ) - B (  2 0 1  ) - B (  2 1 0 )  
B ( 2 0 5 ) - B ( 2 0 1  ) - B ( 2 1 0 )  
B (  2 0 1  ) - B ( 2 0 2 ) - B ( 2 0 5 >  
8 ( 2 0 1  > - B (  2 0 2  ) - C (  2 0 6  )  
B ( 2 0 5 ) - B ( 2 0 2 ) - C ( 2 0 6 )  
B ( 2 0 3 ) - B ( 2 0 2 ) - B ( 2 0 7 )  
C ( 2 0 6 ) - B ( 2 0 2 ) - B ( 2 0 7 )  
8 ( 2 0 1 ) - B ( 2 0 3 ) ~ B ( 2 0 4 )  
8 ( 2 8 1  ) - B (  2 0 3 ) - B (  2 0 7 )  
8 ( 2 0 4 ) - B ( 2 0 3 ) - B ( 2 0 7 )  
8 ( 2 0 2 ) - B ( 2 0 3 ) - B ( 2 0 8 )  
B ( 2 0 7 ) - B ( 2 0 3 ) - B ( 2 0 8 )  
A u ( 2 ) - B ( 2 8 4 ) - B ( 2 0 3 )  
A u ( 2 ) ~ B ( 2 0 4 ) - B ( 2 0 8 )  
B ( 2 0 3 ) - B ( 2 0 4 ) - B ( 2 0 8 )  
B ( 2 0 1 ) - 8 ( 2 0 4 ) ~ B ( 2 1 0 )  
8 ( 2 8 8 > - B ( 2 8 4 ) - B ( 2 1 0 )  
8 ( 2 0 1  ) - B (  2 0 5  ) - C (  2 0 6 )  
8 ( 2 0 1  ) - B ( 2 0 5 ) - B ( 2 1 0 )  
C (  2 0 6  ) - B (  2 0 5 ) - B (  2 1 0 )  
B ( 2 0 2 ) - C ( 2 0 6 ) - B ( 2 0 7 )  
B (  2 0 2  ) - B (  2 0 7 ) - B (  2 0 3  )  
B ( 2 0 3 ) - B ( 2 0 7 ) - C ( 2 0 6 )  
8 ( 2 0 3 ) - B ( 2 0 7 ) - B ( 2 0 8 )  
A u ( 2 ) - B ( 2 8 8 ) - B ( 2 8 3 )  
B ( 2 8 3 ) - B ( 2 8 8 ) - B ( 2 0 4 )  
B ( 2 8 3 ) - B ( 2 8 8 ) - B ( 2 8 7 )  
A u ( 2 ) - B ( 2 1 0 ) - A u (  3  > 
A u ( 3 ) - B ( 2 1 0 ) - 8 ( 2 0 1 )  
A u ( 3 ) - B ( 2 1 0 ) - B ( 2 8 4 )  
A u ( 2 ) - B ( 2 1 8 ) - B ( 2 8 5 )  
8 ( 2 8 1  ) - B ( 2 1 0 ) - B ( 2 0 5 )  
P ( 1 ) - C ( 1 U ) - C ( U 2 )
C (  1 1 2 ) - C (  1 1 1  ) - C (  1 1 6 )  
C ( U 2 ) - C ( U 3 ) - C ( U 4 )  
C (  1 1 4  ) - C (  1 1 5 ) - C (  1 1 6 )  
P ( l ) - C ( 1 2 1 ) - C ( 1 2 2 )
C (  1 2 2  ) - C (  1 2 1  ) - C (  1 2 6 )  
C (  1 2 2 ) - C (  1 2 3 ) - C (  1 2 4 )  
C ( 1 2 4 ) ~ C ( 1 2 5 ) - C ( 1 2 6 )  
P ( l ) - C ( 1 3 t  ) - C (  1 3 2 )
C (  1 3 2 ) - C (  1 3 1  ) - C (  1 3 6 )  
C (  1 3 2  ) - C (  1 3 3  ) - C (  1 3 4 )  
C (  1 3 4  ) - C (  1 3 5 ) - C (  1 3 6 )
1 0 8  6 ( 2 3 )  
18 4  9 ( 2 8 )  
1 1 6  0 ( 2 5 )
6 3  4 ( 1 5 )  
5 9  4 ( 2 1 )  
7 3  1 ( 1 5 )
1 0 6  9 ( 2 5 )  
18 4  1 ( 3 0 )
6 1  7 ( 2 6 )
1 0 7  0 ( 2 6 )
1 0 9  8 ( 2 6 )
6 2  0 ( 2 4 )
5 8  2 ( 2 6 )  
1 1 2  1 ( 3 0 )
6 2  3 ( 2 4 )  
6 3 . 0 ( 2 5 )
5 9  1 ( 2 3 )
5 9  5 ( 2 2 )  
1 8 6  4 ( 2 5 )  
1 1 2  . 0(  2 4 )  
1 1 1 . 9 ( 2 8 )
6 2 . 9 ( 2 3 )  
1 1 6  6 ( 2 5 )
6 7  9 ( 1 5 )  
5 5  9 ( 2 1 )
5 7  2 ( 2 0 )  
1 1 7 . 3 ( 2 7 )  
1 0 7  6 ( 2 9 )
6 0  1 ( 2 4 )
1 1 8  2 ( 3 0 )
64 3 ( 2 4 )
5 8  2 ( 2 4 )  
1 0 4  5 ( 2 7 )
5 5  8 ( 2 1  )  
1 1 1  6 ( 2 3 )
5 6  7 ( 2 1  )
61 3 ( 2 2 )
6 8  5 ( 8 )  
1 6 9  6 ( 2 9 )
1 1 9  4 ( 2 8 )  
1 0 9  4 ( 2 5 )
5 7  9 ( 2 3 )  
1 1 9  6 ( 2 6 )  
1 1 6  7 ( 3 3 )  
1 1 5  9 ( 4 8 )  
1 1 8 . 5 ( 4 7 )  
1 1 8  0 ( 2 5 )  
1 2 2  2 ( 3 3 )
1 1 8  3 (  3 3 )
1 1 9  2 ( 3 4 )
1 1 8  3 ( 3 8 )
1 1 9  9 ( 2 9 )  
1 2 1 . 4 ( 3 2 )  
1 2 2  5 ( 4 0 )
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leíble 48 continued
C< 131  ) - C ( 1 3 6 ) - C ( 1 3 5 )  
P ( 3 ) - C ( 3 1 1  ) - C (  3 1 6 )  
C ( 3 U  ) - C (  3 1 2  ) - C ( 3 1 3 >  
C ( 3 1 3 ) - C ( 3 1 4 > - C ( 3 1 5 )  
C ( 3 U  ) - C ( 3 1 6 ) - C ( 3 1 5 )  
P ( 3 ) ~ C (  3 2 1  ) - C (  3 2 6  )
CC 3 2 1  ) - C (  3 2 2  ) - C (  3 2 3  )  
CC3 2 3 ) - C ( 3 2 4 ) - C ( 3 2 5 )  
CC 3 2 1  ) - C (  3 2 6  > - C <  3 2 5  )  
P ( 3 ) - C ( 3 3 1 > - C ( 3 3 6 )
C ( 3 3 1 ) - C ( 3 3 2 ) - C ( 3 3 3 )  
CC 3 3 3  > - C <  3 3 4  >-CC 3 3 5  )  
CC 3 3 1  >-CC 3 3 6  ) - C (  3 3 5  )  
P ( 4 ) - C ( 4 U  ) - C ( 4 1 6 )  
C ( 4 U  ) - C ( 4 1 2 ) - C ( 4 1 3 )  
C (  4 1 3  ) - C (  4 1 4  ) - C (  4 1 5  )  
C ( 4 1 1  ) - C ( 4 1 6 ) - C ( 4 1 5 )  
P ( 4 ) - C ( 4 2 1 ) - C ( 4 2 6 )
CC4 2 1 ) ~ C ( 4 2 2 ) - C ( 4 2 3 )  
CC4 2 3 ) - C ( 4 2 2 ) - C ( 4 2 4 )  
CC4 2 2 >-CC 4 2 4 ) - C ( 4 2 3 )  
C ( 4 2 3 ) - C ( 4 2 4 >-CC4 2 5 )  
CC 4 2 1  ) - C ( 4 2 6 ) - C ( 4 2 5 )  
P ( 4  > - C < -4 3 1  > - C < 4 3 6 >
CC 4 3 1  ) - C ( 4 3 2 ) - C ( 4 3 3 )  
CC 4 3 3 > - C < 4 3 4 >-CC 4 3 5 )  
CC 4 3 1 > ~ C ( 4 3 6 ) - C ( 4 3 5 )  
P (  6  ) - C <  6 1 1  >“ C < 6 1 6 )  
C ( 6 U  > - C < 6 1 2 ) - C < 6 1 3 >  
C < 6 1 3 > - C < 6 1 4 ) - C < 6 1 5 >  
C ( 6 U  > ~ C ( 6 1 6 ) - C < 6 1 5 )  
P ( 6 ) - C ( 6 2 1  ) - C < 6 2 6 >
C< 6 2 1 > - C ( 6 2 2 > - C < 6 2 3 )  
CC 6 2 3  > - C <  6 2 4  >-CC 6 2 5  )  
CC 6 2 1 ) - C ( 6 2 6 ) - C < 6 2 5 > 
P ( 6  >~ C <  6 3 1  ) - C <  6 3 6  > 
C < 6 3 1 ) - C <  6 3 2 ) - C <  6 3 3 )  
CC 6 3 3 >-C< 6 3 4 ) - C ( 6 3 5 >  
CC 6 3 1 > - C ( 6 3 6 ) - C < 6 3 5 >  
P (  7  ) - C (  7 1 1  > - C <  7 1 6  >
C (  7 1 1  > - C (  7 1 2 ) - C <  7 1 3  > 
CC 7 1 3  ) - C <  7 1 4  >-CC 7 1 5 )  
C k 7 U  > - C ( 7 1 6 > - C < 7 1 5 )  
P (  7  > - C (  7 2 1  >-CC 7 2 5  >
P (  7  >-CC 7 2 1  > - C (  7 2 6  >
C< 725 >-CC 7 2 1  ) - C (  7 2 6  )  
CC 7 2 2  > - C (  7 2 3  ) ~ C (  7 2 4  )  
CC 7 2 1  > - C <  7 2 5  > - C (  7 2 4  > 
CC 7 2 4  ) - C <  7 2 5  > - C (  7 2 6  )  
P ( 7 > - C (  7 3 1  > - C <  7 3 2 )
CC 7 3 2  > - C (  7 3 1  ) ~ C <  7 3 6 )  
CC 7 3 2  ) - C <  7 3 3  ) - C <  7 3 4  )  
CC 7 3 4  ) - C <  7 3 5  ) - C <  7 3 6  )  
C ( 2 ) - C (  1 ) - C < 4 )
1 1 8  5 < 3 1 )  
1 1 4  8< 2 1 )
1 1 9  1<2 5 )  
1 1 8  5 ( 2 9 )  
1 1 4  8 ( 2 6 )  
1 2 5  4 ( 2 5 )  
1 2 1 . 9 ( 3 1 >  
1 1 8  3 ( 3 8 )  
1 2 2 . 8 ( 3 3 )
1 2 0  6 ( 2 4 )  
1 1 8 . 4 ( 3 5 )
1 1 8  9 ( 3 1 )  
1 2 9  7 ( 3 2 )  
1 2 2 . 8 ( 2 3 )  
1 2 4 . 4 ( 2 6 )  
1 2 1 . 4 ( 3 8 )
1 1 6  4 ( 2 9 )
1 1 9  2 ( 2 3 )
1 2 4  1 ( 3 4 )  
2 9 .  7 ( 1 9 )  
3 1 . 1 ( 2 1 )
1 2 0  4 ( 3 6 )
1 1 7  9 (  3 0 )
1 2 2  2 <2 3 )
1 2 3  0 ( 3 3 )  
1 2 1 . 2 ( 3 3 )
1 1 9  6 ( 3 2 )  
1 2 1 . 1 ( 2 8 )  
1 2 0 . 1 ( 4 2 )  
1 2 1 . 7 ( 4 8 )
1 1 8  6 ( 4 1 )  
1 2 3  5 ( 2 9 )  
1 2 1 . 1 ( 3 3 )
1 1 8  1 ( 3 7 )  
1 2 1 . 4 ( 3 9 > 
1 2 7  1 ( 2 9 )
1 2 5  3 ( 3 4 )  
1 2 5  1 ( 4 9 )
1 2 1  8 ( 3 3 )  
1 1 7 . 0 ( 3 1 )  
1 1 6  0 ( 3 5 )  
1 2 8 . 3 ( 4 8 )  
1 1 7 .  1 ( 3 9 )  
1 4 4  4 ( 2 4 )  
1 1 3 . 9 ( 2 9 )
30  8 ( 2 6 )
1 2 2  7 ( 4 4 )  
8 9  2 ( 3 6 )
1 2 0  6 ( 5 3 )
1 2 3  9 ( 2 6 )  
1 1 6  9 ( 3 4 )  
1 1 5 . 8 ( 5 5 )
1 1 9  8 ( 3 3 )  
1 5 8  8 ( 6 3 )
PC 3 ) - C (  3 1 1  ) - C (  3 1 2 )  1 2 3 . 5 ( 2 1 )
CC 3 1 2 ) - C (  3 1 1  ) ~ C (  3 1 6 )  1 2 2  5 ( 2 8 )  
C ( 3 1 2 ) - C ( 3 1 3 ) - C ( 3 1 4 )  1 2 1 . 4 ( 2 7 )  
CC 3 1 4 ) ~ C ( 3 1 5 ) - C (  3 1 6 )  1 2 3  5 ( 2 6 )  
PC J ) - C (  3 2 1  ) - C (  3 2 2  )  1 1 8  4 ( 2 4 )
CC 3 2 2  ) - C (  3 2 1  ) - C (  3 2 6  )  1 1 6 . 1 ( 3 1 )  
CC J22 >-CC 3 2 3  ) - C (  3 2 4 )  12 1 1 ( 3 4 )  
CC 3 2 4 >-CC 3 2 5 ) - C ( 3 2 6 )  1 1 9  6 ( 3 6 )  
PC J >-CC 3 3 1  >-CC 3 3 2  )  1 2 3  9 ( 2 9 )
CC 3 3 2 ) ~ C (  3 3 1  ) - C (  3 3 6 )  1 1 5  3 ( 2 8 )  
C ( 3 3 2 ) - C ( 3 3 3 ) - C ( 3 3 4 )  1 2 5 . 6 ( 3 3 )  
CC 3 3 4 ) - C ( 3 3 5 ) ~ C ( 3 3 6 )  1 1 1 . 9 ( 3 7 )  
P ( 4 ) ~ C ( 4 1 1  ) - C ( 4 1 2 )  1 1 7  6 ( 1 9 )
C ( 4 1 2 ) ‘ C ( 4 1 1 ) - C ( 4 1 6 )  1 1 9 . 6 ( 2 8 )  
C ( 4 1 2 ) - C ( 4 1 3 ) - C ( 4 1 4 )  1 1 6  0 ( 3 1 )  
C ( 4 1 4  ) - C (  4 1 5 ) - C ( 4 1 6 )  1 2 1 . 3 ( 3 2 )  
PC 4 ) - C ( 4 2 1 ) - C ( 4 2 2 )  1 2 2 . 5 ( 2 6 )
CC4 2 2 ) - C ( 4 2 1  ) ~ C ( 4 2 6 )  1 1 8  3 ( 3 2 )  
CC 4 2 1  ) - C (  4 2 2  >-CC 4 2 4  )  9 4  4 ( 2 4 )  
CC 4 2 2 ) - C ( 4 2 3 ) - C ( 4 2 4 )  1 1 9 . 2 ( 3 3 )  
CC 4 2 2 ) - C ( 4 2 4 ) - C ( 4 2 5 )  8 9  3 ( 2 5 )  
C ( 4 2 4 ) ~ C ( 4 2 5 ) - C ( 4 2 6 )  1 1 9  9 ( 3 4 )  
PC 4  ) - C (  4 3 1  ) - C (  4 3 2  )  1 1 8  5 ( 2 4 )
—  CC432>—CC4 3 1  > - C < 4 3 6 ) H 8  9 ( 2 7 )  
CC 4 3 2 ) ~ C (  4 3 3 ) - C (  4 3 4  )  1 1 6  8 ( 3 1 )  
CC4 3 4 ) ~ C ( 4 3 5 ) - C ( 4 3 6 )  1 2 0  7 ( 3 9 )  
P ( 6 ) ~ C ( 6 1 1  ) - C ( 6 1 2 )  1 1 8  2 ( 3 8 )
C ( 6 1 2 ) - C ( 6 U ) - C ( 6 1 6 )  1 2 8  4 ( 3 4 )  
C (  6 1 2  ) ~ C (  6 1 3  ) - C (  6 1 4  )  1 2 1 . 5 ( 4 3 )  
C ( 6 1 4 ) - C ( 6 1 5 ) - C ( 6 1 6 )  1 1 6  3 ( 4 3 )  
PC 6 ) - C (  6 2 1  ) - C (  6 2 2 )  1 1 9  3 ( 2 5 )
C ( 6 2 2 ) - C ( 6 2 1 ) - C ( 6 2 6 )  1 1 7 . 0 ( 3 1 )  
CC 6 2 2  ) ~ C (  6 2 3 ) - C (  6 2 4  )  1 1 9  0 ( 3 9 )  
CC 6 2 4 ) ~ C ( 6 2 5 ) - C ( 6 2 6 )  1 2 2 . 4 ( 4 1 )  
PC 6 ) - C ( 6 3 1 ) - C ( 6 3 2 > 1 2 8 .  5 (27)
CC 632 )-C( 631 ) - C (  6 3 6  )  1 1 2 . 4 ( 3 8 )  
CC 6 3 2  >-CC 6 3 3  ) - C (  6 3 4  > 1 1 3  6 ( 4 1 )  
CC 6 3 4  ) - C (  6 3 5 ) - C (  6 3 6 )  12 1 2 ( 3 5 )  
P ( 7 ) - C ( 7 1 í  > - C ( 7 1 2 )  1 1 8  1 ( 2 8 )
CC 7 1 2 ) - C (  7 1 1  ) - C (  7 1 6 )  1 2 4  6 ( 3 6 )  
C ( 7 1 2 ) - C ( 7 1 3 ) - C ( 7 1 4 )  1 1 7  4 ( 4 6 )  
CC 7 1 4  ) ~ C (  7 1 5 ) - C (  7 1 6 )  1 1 5  . 8 ( 4 1 )  
P ( 7 ) - C ( 7 2 1 ) - C ( 7 2 2 )  1 1 8  8 ( 2 5 )
C ( 7 2 2 ) - C ( 7 2 1  ) - C ( 7 2 5  )  9 7 . 2 ( 2 6 )  
CC 7 2 2 ) - C ( 7 2 1 ) - C ( 7 2 6 )  1 2 7  9 ( 3 3 )  
CC 7 2 1  ) ~ C (  7 2 2 ) ~ C (  7 2 3 )  1 8 9  4 ( 3 5 )  
CC 7 2 3 ) - C ( 7 2 4 ) - C ( 7 2 5 )  121  1 ( 4 8 )  
CC 7 2 1  ) - C (  7 2 5  ) - C (  7 2 6  )  3 1 . 5 ( 2 8 )  
C ( ? n  > - C < ? í 6 ) - C ( 7 2 3 )  1 1 7  7 ( 4 7 )  
P ( 7 > - C ( 7 3 1 > - C < 7 3 £ >  1 1 9  2 ( 2 9 1
C < 7 3 1  > - C (  7 3 2 > - C <  7 3 3 >  1 2 7  3 ( 4 1 )  
C < 7 3 3 ) - C ( 7 3 4 > - C < 7 3 5 >  1 1 9 . 9 ( 4 8 )  
C ( 7 3 1 ) - C ( 7 3 6 ) - C ( 7 3 3 >  1 1 8  3 ( 3 4 )  
C ( l ) - C ( 4 ) - C ( 3 )  8 3 . 7 ( 8 2 )
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Tfrble 49. Final fra c t io n a l coordinates (x  1 0 *),
with standard deviations in  parenthesis, fo r  
l (CBgHj jAu) (AuPFhjJjlAuCBgK jj) J O D .
i i o n
0 u ( l )  
A u ( 2 )  
A u ( 3 )  
8 u (  4  > 
A u ( 3 )  
Xl ( 6 )  
P u ( 7 )  
P (  1 >
P <  3  > 
F X 4  )  
F ( 6 )  
P < 7 >  
9CI#I > 
8 ( 1 0 2 )  
8 X 1 0 3 > 
B < 1 0 4  > 
K IM  > 
C ( 1 0 6 >  
8x 1 0 7  y
B < 1 0 8 )  
8 ( 1 1 0 > 
B < 2 0 1  > 
B < 2 0 2 >  
8 ( 2 0 3 )  
B ( 2 0 4 )  
i t  2 0 3 )  
C X 2 8 6 )  
H 2 8 7 )  
8* ¿ 8 3  > 
8 ( 2 1 0 )  
c a m
C( 112)
c a i 3 >
C (  1 1 4  )  
c a t s )  
C ( 1 1 6 >  
C ( 1 2 1 )  
C ( 1 2 2 )  
C ( 1 2 3 )  
C ( 1 2 4  > 
C ( 1 2 3 )  
C ( 1 2 6 )  
C< 131  > 
C< 1 3 2  )  
C ( 1 3 3 )
8 6 3 1 . 6 ( 8 )  
7 6 3 2  3 ( 8 )  
8 920  3 ( 8 )  
7 30 2 .  7 ( 8 )  
7 7 8 1  7 ( 7 )  
6 3 1 1  8 ( 8 )  
68 9 3.  7 ( 8 )  
9 3 6 0 ( 3 )  
1 0 0 6 2 ( 3 >  
7 1 8 9 ( 3 )  
5 0 3 2 ( 6 )  
6 1 4 9 ( 3 )  
7 7 9 1 ( 2 2 )  
6 9 8 8 ( 2 6 )  
8 8 2 2 ( 2 1 )  
8 2 8 7 ( 2 2 )  
6 6 6 6 ( 2 2 )  
6 3 2 1 ( 1 7 )  
7 1 8 7 ( 2 8 )  
8 0 4 7 ( 2 3 )  
7 4 6 3 ( 2 1 )  
8 8 8 1 ( 2 4 )  
8 1 9 7 ( 2 8 )  
7 2 8 4 ( 2 2 )  
7 3 0 4 ( 2 2 )  
8 8 9 4 ( 2 7 )  
8 6 1 3 ( 2 8 )  
7 6 2 5 ( 2 3 )  
6 9 2 9 ( 2 2 )  
8 3 7 9 ( 2 4 )  
1 0 5 4 1 ( 2 0 )  
1 0 6 3 8 ( 2 1 )  
1 1 3 9 8 ( 2 4 )  
1 2 0 4 1 ( 3 1 )
1 1 9 9 9 (  34  )  
1 1 2 2 7 ( 2 3 )  
9 2 5 7 ( 1 9 )  
9 7 9 3 ( 2 2 )  
9 4 7 7 ( 2 2 )  
8 7 0 8 ( 2 0 )  
8 2 6 8 ( 2 2 )  
8 5 3 1 ( 2 2 )  
9 7 4 7 ( 2 0 )  
9 8 1 3 ( 1 8 )  
1 8 9 4 7 ( 1 9 )
8 1 6 1  4 ( 6 )  
7 8 8 2  8 ( 6 )  
7 8 9 5  1 ( 6 )  
6 7 6 4  8 ( 6 )  
7 9 4 2  9 ( 6 )  
7 6 9 1 . 2 ( 6 )  
8 1 1 1  1 ( 6 )  
8 5 4 9 ( 4 )  
7 0 4 8 ( 4 )  
3 7 3 2 ( 4 )  
7 2 6 3 ( 4 )  
8 8 4 7 ( 4 )  
8 9 4 1 ( 1 7 )  
9 4 5 4 ( 2 1 )  
9 4 3 3 ( 1 7 )  
8 6 4 5 ( 1 7 )  
8 7 1 4 ( 1 7 )  
9 1 1 8 ( 1 3 )  
9 4 6 5 (  1 9 )  
9 8 1 4 ( 1 7 )  
8 1 9 2 ( 1 6 )  
5 7 8 7 ( 1 8 )  
6 2 1 7 ( 2 2 )  
6 1 6 6 ( 1 8 )  
6 1 7 6 ( 1 7 )  
6 3 0 4 ( 2 0 )  
6 9 1 0 ( 1 6 )  
6 8 8 9 ( 1 7 )  
6 8 6 5 ( 1 8 )  
6 2 1 2 ( 1 8 )  
8 2 6 3 (  1 6  > 
7 6 3 6 ( 1 6 )  
7 3 6 9 ( 2 1 )  
7 7 7 9 ( 2 3 )  
8 4 0 1 ( 2 6 )  
8 6 4 2 ( 1 9 )  
8 4 1 4 ( 1 4 )  
8 1 9 2 ( 1 6 )  
8 8 4 7 ( 1 6 )  
8 1 8 7 ( 1 3 )  
8 4 6 7 ( 1 6 )  
8 3 3 9 ( 1 6 )  
9 3 6 3 ( 1 6 )  
9 6 0 1 ( 1 3 )  
1 8 1 8 4 ( 1 6 )
8 0 4 4  0 ( 1 0 )  
8 6 4 6  9 ( 9 )  
7 1 9 5  7 ( 1 0 )  
6 8 8 8  0 ( 9 )  
6 7 6 6  8 ( 9 )  
5 9 8 8  8 ( 1 0 )  
8 7 1 6  8 ( 1 0 )  
8 7 3 3 ( 7 )  
6 8 8 2 ( 6 )  
6 9 5 0 ( 7 )  
6 3 8 8 ( 7 )  
9 2 6 8 ( 7 )  
4 3 5 4 ( 2 7 )  
4 7 9 0 ( 3 3 )  
3 0 3 9 ( 2 7 )  
5 3 8 7 ( 2 7 )  
4 8 8 2 ( 2 8 )  
5 8 1 9 ( 2 4 )  
6 8 6 7 ( 2 7 )  
6 3 3 1 ( 2 9 )  
5 0 7 4 ( 2 6 )  
1 0 4 6 1 ( 2 9 )  
1 1 3 1 5 ( 3 5 )  
1 1 0 9 2 ( 2 8 )  
9 7 9 3 ( 2 8 )  
1 0 1 4 9 (  3 3 )  
1 0 7 1 9 ( 2 3 )  
1 1 2 3 9 ( 2 8 )  
1 8 3 3 8 ( 2  
9 1 6 9 ( 3  
8 5 3 3 ( 2 3 )  
8 6 2 2 ( 2 5 )  
8 4 6 3 ( 3 1 )  
7 9 8 4 ( 3 4 )  
7 8 8 2 ( 3 7 )  
8 1 6 2 ( 2 8 )  
1 0 0 9 3 ( 2 3 )  
1 0 6 8 1 ( 2 6 )  
1 1 8 3 7 ( 2 7 )  
1 2 1 3 6 ( 2 6 )  
1 1 3 1 2 ( 2 3 )  
1 8 4 6 3 ( 2 7 )  
8 1 9 1 ( 2 6 )  
7 1 4 8 ( 2 3 )  
6 6 9 1 ( 2 6 )
3 7 (  1 ) t  
3 1 ( 1 ) t  
3 6 (  1 ) t  
3 3 ( 1 ) $  
30 ( 1 ) t  
3 9 (  1 ) t  
4 2 (  1 ) t  
4 2 ( 4 ) $  
3 3 ( 4 ) t  
3 8 ( 4 ) $  
4 9 ( 4 ) $  
4 5 ( 4 ) $  
4 2 ( 1 1 )  
6 7 ( 1 4 )  
3 9 ( 1 6 ) $  
3 7 ( 1 8 )  
4 3 ( 1 7 ) $  
3 9 ( 1 5 ) $  
6 3 ( 2 1  )$  
32 ( 2 8 > $  
3 2 ( 1 0 >  
5 1 ( 1 2 > 
7 6 ( 1 5 )  
4 3 ( 1 1 )  
4 4 ( 1 1 )  
6 6 ( 1 4 )  
6 8 ( 1 1 )  
4 4 ( 1 1 )  
4 5 ( 1 1 )  
5 1 ( 1 2 )  
6 2 ( 1 1 )  
68( 12)  
1 1 3 ( 1 7 )  
1 3 6 ( 2 8 )  
1 5 0 ( 2 2 )  
8 6 ( 1 4 )  
3 9 ( 9 )  
6 7 ( 1 2 )  
6 8 ( 1 2 )  
3 9 ( 1 1 )  
7 2 ( 1 2 )  
7 4 ( 1 2 )  
6 2 ( 1 1 )  
4 4 ( 9 )  
5 8 ( 1 1 )
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I t o l e  49 continued
CX J  3 4 ) 1 0 2 4 3 X 1 9 ) 1 0 5 9 2 X 1 6 ) 7 2 7 0 X 2 6 ) 6 0 X 1 1 )
C d  3 5 ) 1 0 1 4 6 X 2 2 ) 1 0 3 5 8 X 1 7 ) 8 2 7 2 X 2 9 ) 8 1 X 1 3 )
C d  3 6 ) 9 9 4 5 X 1 7 ) 9 7 2 9 X 1 4  ) 8 7 5 9 X 2 4 ) 4 6 X 1 0 )
C ( 3 1 1  > 1 0 8 6 8 X 1 7 ) 6 5 9 4 X 1 3 ) 6 6 5 4 X 2 1 ) 3 1 X 8 )
C< 3 1 2  ) 1 1 6 2 7 X 1 8 ) 6 6 6 9 X 1 4 ) 6 2 1 9 X 2 3 ) 4 6 X 1 0 )
CX 3 1 3 ) 1 2 1 8 4 X 1 8 ) 6 2 9 2 X 1 3 ) 6 6 9 2 X 2 1 ) 3 7 X 9 )
C X 3 1 4 > 1 1 9 3 9 X 1 8 ) 5 8 5 8 X 1 4 ) 7 5 8 1 X 2 2 ) 4 4 X 9 )
C X 3 1 5 ) 1 1 1 9 0 X 1 8 ) 5 8 0 7 X 1 4 ) 8 0 3 4 X 2 4 ) 5 8 X 1 8 )
C X 3 1 6 ) 1 0 5 9 2 X 1 9 ) 6 1 6 0 X 1 4 ) 7 6 0 4 X 2 3 ) 4 6 X 9 )OC3 2 1  > 9 8 7 7 X 1 7 ) 6 6 8 6 X 1 3 ) 5 1 6 0 X 2 1 ) 3 3 X 8 )
C X 3 2 2 > 9 2 1 2 X 1 8 ) 6 8 7 6 X 1 4 ) 4 6 6 5 X 2 2 ) 4 8 X 1 0 )
C X 3 2 3 > 9 0 1 6 X 2 1 ) 6 6 1 6 X 1 5 ) 3 9 9 7 X 2 5 ) 6 8 X 1 2 >
C < 3 2 4  ) 9 4 9 0 X 2 1 ) 6 1 3 2 X 1 6 ) 3 7 0 2 X 2 7 ) 7 5 X 1 2 )
CX 3 2 5  ) 1 0 0 9 7 X 2 1 ) 5 9 2 2 X 1 7 ) 4 1 9 0 X 2 6 ) 7 7 X 1 3 )
CX 3 2 6 ) 1 0 2 9 3 X 2 1 ) 6 2 0 2 X 1 5 ) 4 9 1 0 X 2 5 ) 6 7 X 1 2 )
C X 3 3 1 ) 1 0 5 4 5 X 1 9 ) 7 7 5 2 X 1 3 ) 5 3 4 8 X 2 5 ) 5 3 X 1 0 )
C X 3 3 2 ) 1 0 9 0 4 X 1 8 ) 7 8 7 2 X 1 5 ) 4 3 3 3 X 2 4 ) 5 2 X 1 8 )
C X 3 3 3 ) 1 1 3 0 2 X 2 0 ) 8 4 1 7 X 1 6 ) 3 8 7 4 X 2 7 ) 6 9 X 1 2 )
C X 3 3 4 ) 1 1 3 8 4 X 2 1 ) 8 8 7 9 X 1 7 ) 4 3 2 3 X 2 8 ) 7 3 X 1 2 )
C X 3 3 5 ) 1 1 0 5 3 X 2 1 ) 8 7 7 8 X 1 7 ) 5 3 7 7 X 2 8 ) 7 4 X 1 2 )
C X 3 3 6 ) 1 0 6 3 8 X 1 8 ) 8 2 1 4 X 1 5 ) 5 7 8 7 X 2 5 ) 5 1 X 1 0 )
C X 4 1 1 ) 7 9 8 5 X 1 6 ) 5 2 4 1 X 1 2 ) 7 5 7 5 X 2 0 ) 2 4 X 8 )
C X 4 1 2 ) 8 6 9 7 X 1 9 ) 5 3 3 8 X 1 5 ) 7 1 2 0 X 2 4 ) 5 1 X 1 0 )
C X 4 1 3 ) 9 3 0 7 X 2 0 ) 5 0 0 0 X 1 5 ) 7 4 9 2 X 2 5 ) 5 3 X 1 0 )
C X 4 1 4 ) 9 1 1 2 X 2 6 ) 4 6 1 5 X 1 9 ) 8 4 5 5 X  3 1 ) 1 0 3 X 1 6 )
C X 4 1 5 ) 8 3 2 5 X 2 1 ) 4 5 3 2 X 1 7 ) 8 9 8 5 X 2 9 ) 7 9 X 1 3 )
C X 4 1 6 ) 7 6 9 5 X 2 2 ) 4 8 5 3 X 1 6 ) 8 5 5 0 X 2 6 ) 6 9 X 1 2 )
C X 4 2 1  ) 7 2 8 5 X 1 7 ) 5590X14 ) 5 7 1 9 X 2 2 ) 3 7 X 9 )
C X 4 2 2 ) 7 0 1 3 X 1 8 ) 5963X15 ) 4 9 5 7 X 2 3 ) 4 8 X 1 0 )
C X 4 2 3 ) 7 8 3 3 X 2 1 ) 5 8 5 4 X 1 7 ) 4 0 4 7 X 2 7 ) 7 7 X 1 3 )
C X 4 2 4 ) 7 3 3 8 ( 1 9 ) 5 3 5 4 X 1 5 ) 3 8 9 3 X 2 5 ) 5 9 X 1 1 )
C X 4 2 3 > 7 6 6 8 X 2 0 ) 4 9 4 3 X 1 6 ) 4 6 5 0 ( 2 5 ) 6 7 X 1 2 )
C X 4 2 6 ) 7 6 5 1 X 1 9 ) 5 0 6 1 X 1 5 ) 5 5 6 8 X 2 5 ) 6 3 X 1 1 )
C X 4 3 1 ) 6 2 3 4 X 1 7 ) 5 3 2 8 X 1 3 ) 7 6 3 7 X 2 1 ) 3 4 X 8 )
C X 4 3 2 ) 5 7 2 9 X 1 9 ) 5 5 9 8 X 1 6 ) 8 2 8 1 X 2 4 ) 5 7 X 1 1 )
CX 4 3 3  ) 5 0 0 8 ( 1 8 ) 5 3 3 8 X 1 4 ) 8 8 1 8 X 2 3 ) 4 9 X 1 0 )
C X 4 3 4  > 4 7 4 9 X 2 3 ) 4 7 8 3 X 1 7 ) 8 6 8 9 X 2 7 ) 7 2 X 1 2 )
C X 4 3 6 > 5 9 6 2 ( 1 8 ) 4 8 1 0 X 1 4 ) 7 4 4 5 X 2 3 ) 4 9 X 1 0 )
C X 6 1 1 ) 4 3 3 2 X 1 9 ) 7 8 2 8 X 1 6 ) 5 8 6 3 X 2 4 ) 5 1 X 1 0 )
C X 6 1 2 ) 4 4 9 5 X 2 6 ) 8 4 2 9 X 2 0 ) 5 7 5 9 X 2 9 ) 9 4 ( 1 5 )
C X 6 1 3 ) 3 9 9 5 X 2 3 ) 8 8 7 7 X 2 0 ) 5 3 2 4 X 2 9 ) 9 5 X 1 5 )
C X 6 1 4 ) 3 3 4 6 X 2 3 ) 8 7 2 8 X 1 9 ) 5 8 3 0 X 2 9 ) 9 6 X 1 5 )
C X 6 1 3 ) 3 1 1 0 X 2 8 ) 8 0 9 1 X 2 2 ) 5 1 6 0 X 3 5 ) 1 2 7 X 1 9 )
C X 6 1 6 ) 3 6 7 2 X 2 3 ) 7 6 4 8 X 2 0 ) 5 4 7 3 X 2 9 ) 9 9 X 1 5 )
C X 6 2 1 ) 4 6 1 8 X 2 0 ) 7 8 8 7 X 1 5 ) 7 7 2 1 X 2 4 ) 5 0 X 1 0 )
C X 6 2 2 > 5 0 5 3 X 2 2 ) 7 0 6 5 X 1 5 ) 8 3 8 3 X 2 6 ) 6 3 X 1 1 )
C X 6 2 3 ) 4 7 3 7 X 2 3 ) 6 8 5 4 X 1 6 ) 9 4 4 1 X 2 9 ) 7 6 X 1 3 )
C X 6 2 4 ) 3 9 8 0 X 2 3 ) 6 6 4 3 X 1 7 ) 9 7 7 1 X 3 0 ) 8 3 X 1 3 )
CX6 2 3 ) 3 5 6 3 X 2 8 ) 6 5 7 4 X 2 0 ) 9 0 8 8 X 3 1 ) 1 1 8 X 1 7 )
C X 6 2 6 ) 3 8 3 0 X 2 2 ) 6 7 8 3 X 1 6 ) 8 1 0 4 X 2 6 ) 6 9 X 1 2 )
C X 6 3 1 ) 4 9 0 1 X 2 0 ) 6 6 5 1 X 1 6 ) 5 8 6 1 X 2 6 ) 5 5 X 1 8 )
C X 6 3 2 ) 5 1 2 2 X 2 3 ) 6 7 3 4 X 2 0 ) 4 7 9 6 X 3 1 ) 9 4 X 1 5 )
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Table 49 continued
C ( € 3 J ) 5 e 3 0 ( 2 5 ) 6 2 6 5 ( 2 8 ) 4 2 7 3 ( 3 5 ) 1 1 0 ( 1 7 )
C ( 6 3 4 ) 4 6 2 9 ( 2 4 ) 5 7 4 6 ( 1 9 ) 4 8 8 5 ( 3 3 ) 9 1 ( 1 4 )
C < 6 3 5 ) 4 4 4 7 ( 2 0 ) 5 6 2 1 ( 1 7 ) 5 8 2 6 ( 2 6 ) 6 8 ( 1 2 )
C i  6 3 6  > 4 5 6 6 ( 2 0 ) 6 0 8 0 ( 1 6 ) 6 3 6 5 ( 2 7 ) 6 4 ( 1 1 )
C< 7 1 1  ) 5 3 7 7 ( 2 1 ) 9 1 1 9 ( 1 7 ) 8 5 2 3 ( 2 6 ) 5 9 ( 1 1 )
C ( 7 1 2 > 4 8 2 6 ( 2 2 ) 8 7 0 6 ( 1 8 ) 8 4 9 2 ( 2 7 ) 7 3 ( 1 2 )
C ( 7 1 3 > 4 2 1 3 ( 2 8 ) 8 9 4 7 ( 2 2 ) 7 9 8 8 ( 3 2 ) 1 0 8 ( 1 6 )
C ( 7 1 4  ) 4 2 6 5 ( 2 7 ) 9 5 2 7 ( 2 2 ) 7 4 3 5 ( 3 3 ) 1 0 3 ( 1 6 )
C (  7 1 3 ) 4 7 5 9 ( 2 6 ) 9 9 6 3 ( 2 2 ) 7 5 1 8 ( 3 2 ) 1 0 4 ( 1 6 )
C (  7 1 6  ) 3 3 3 4 ( 2 3 ) 9 7 5 0 ( 1 8 ) 8 1 1 4 ( 2 7 ) 7 6 ( 1 3 )
C (  7 2 1  > 5 6 5 4 ( 2 1 ) 8 5 8 0 ( 1 6 ) 1 8 5 9 0 ( 2 6 ) 5 5 ( 1 1 )
CC 7 2 2 ) 4 8 2 7 ( 2 3 ) 8 7 9 1 ( 1 8 ) 1 0 8 7 8 ( 3 0 ) 8 2 ( 1 3 )
C < 7 2 3 ) 4 5 5 9 ( 3 0 ) 8 5 5 0 (2 1 ) 1 1 9 2 1 ( 3 5 ) 1 2 7 ( 1 9 )
CC 7 2 4  ) 5 0 3 7 ( 3 0 ) 8 2 4 0 ( 2 2 ) 1 2 5 5 6 ( 4 1  ) 1 4 0 ( 2 0 )
CK 7 2 5 ) 5 8 2 1 ( 3 6 ) 8 0 7 7 ( 2 6 ) 1 2 1 6 8 ( 4 3 ) 1 8 6 ( 2 6 )
C (  7 2 6 ) 6 1 0 0 ( 2 9 ) 8 2 3 6 ( 2 0 ) 1 1 1 9 6 ( 3 3 ) 1 1 9 ( 1 8 )
C ( 7 3 1  ) 6 7 4 3 ( 2 0 ) 9 4 9 2 ( 1 5 ) 9 2 7 5 ( 2 5 ) 4 8 ( 1 8 )
C< 7 3 2 ) 6 5 5 0 ( 2 7 ) 9 8 3 7 ( 1 9 ) 9 9 5 7 ( 3 1 ) 1 0 0 ( 1 5 )
C < 7 3 3 ) 7 0 2 6 ( 3 2 ) 1 8 2 9 1 ( 2 5 ) 1 8 1 0 2 ( 4 5 ) 1 6 0 ( 2 3 )
CK 7 3 4  ) 7 6 4 7 ( 2 8 ) 1 0 5 1 9 ( 2 3 ) 9 3 3 6 ( 3 4 ) 1 1 5 ( 1 7 )
CK 7 3 5 ) 7 9 2 4 ( 2 4 ) 1 0 1 7 5 ( 1 8 ) 8 6 0 8 ( 2 9 ) 8 3 ( 1 3 )
CK 7 3 6 ) 7 4 3 6 ( 1 9 ) 9 6 6 5 ( 1 5 ) 8 5 6 7 ( 2 4 ) 5 4 ( 1 8 )
C K 1 ) 2 5 6 9 ( 5 1 ) 6 9 2 0 ( 4 1 ) 2 5 9 6 ( 6 4 ) 1 0 9 ( 3 2 )
CK 2 ) 2 8 5 5 ( 3 5 ) 6 7 2 7 ( 2 7 ) 3 4 2 9 ( 4 4 ) 3 9 ( 1 8 )
C K 3 ) 2 1 6 9 ( 5 2 ) 7 6 8 0 ( 4 1 ) 1 1 7 6 ( 6 5 ) 1 1 0 ( 3 2 )
CK 4 ) 1 6 8 3 ( 4 8 ) 7 1 7 4 ( 3 7 ) 1 6 1 5 ( 6 0 ) 9 2 ( 2 9 )
* E r u i v r l r n i  i s o t r o p i e  U  d t t i n r d  s s  o n t  t h i r d  o f i h r  
t r a c e  o f  t h e  o r t h o g o n a l  i  s e d  U  t e n s o r
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[ arachno-6 .9 ,9 , .6 , - (ca 0Hi : )Au(dppe)Au(CB0H12) ]  (12 ).
Table 50. Interatom ic distances (pm), w ith  standard
deviations in  parenthesis, fo r
0 u ( l ) - 0 u ( 2 )  2  6 5 7 0 ( 1 0 )  
P u (  1 ) - B (  1 0 4  )  2  1 7 6 ( 2 8 )  
A u (  1 ) - B (  1 1 0  )  2  3 5 5 ( 3 4 )  
B u ( 2 ) - B ( 2 0 4 )  2  2 9 6 ( 3 0 )  
0 u ( 2 ) - B ( 2 1 0 )  2  4 0 0 ( 2 9 )  
P ( l ) - C ( l l l )  1 7 9 2 ( 2 3 )  
P (  2  ) - C (  2  )  1 8 3 4 ( 2 3 )  
P (  2  ) - C (  2 2 1 )  1 7 9 4 ( 2 1 )  
B ( 1 0 1 ) - B ( 1 0 2 )  1 7 8 1 ( 4 2 )  
B (  1 0 1  ) - B (  1 0 4 )  1 . 8 5 4 ( 4 9 )  
B (  101  ) - B (  1 1 0 )  1 . 7 5 2 ( 4 3 )  
B < 1 0 2 ) - B ( 1 0 5 )  1 . 8 7 2 ( 5 0 )  
B ( 1 0 2 ) - B ( 1 8 7 )  1 . 8 2 4 ( 5 0 )  
B (  1 0 3 ) - B (  1 0 7 )  1 7 6 7 ( 4 2 )  
B ( 1 0 4 ) - B ( 1 8 8 )  1 8 3 7 ( 4 3 )  
B ( 1 8 5 ) - C ( 1 0 6 )  1 9 5 5 ( 5 3 )  
C (  1 0 6 ) - B (  1 0 7 )  1 7 1 1 ( 4 5 )  
B ( 2 0 1  ) - B (  2 0 2 )  1 7 6 0 ( 4 5 )  
B (  2 8 1  ) - B (  2 0 4  )  1 . 7 7 0 ( 5 1 )  
B (  2 0 1  ) - B (  2 1 8 )  1 . 7 2 7 ( 4 8 )  
B ( 2 8 2 > - B ( 2 8 5 )  1 7 4 4 ( 5 1 )  
B < 2 8 2 ) - B < 2 0 7 )  1 .  7 9 8 ( 5 8 )  
B ( 2 0 3 ) - B < 2 8 7 )  1 8 3 7 ( 4 4 )  
B ( 2 0 4 ) - B ( 2 0 8 )  1 9 0 9 ( 4 1 )  
B ( 2 8 5 ) - C ( 2 0 6 )  1 8 7 5 ( 4 6 )  
C (  2 8 6  ) ~ B (  2 0 7  )  1 7 7 2 ( 5 0 )  
C (  1 1 1  ) - C (  1 1 2 )  1 3 5 5 ( 3 8 )  
C ( 1 1 2 > - C ( 1 1 3 )  1 3 1 4 ( 4 1 )  
C ( 1 1 4 ) - C ( 1 1 5 )  1 3 9 5 ( 6 1 )  
C (  121  ) - C (  1 2 2 )  1 4 5 2 ( 3 8 )  
C ( 1 2 2 ) - C ( 1 2 3 )  1 4 5 0 ( 5 3 )  
C (  1 2 3 ) - C (  1 2 5 )  2 . 2 4 7 ( 5 1 )  
C ( 1 2 5 ) - C ( 1 2 6 )  1 4 3 9 ( 5 6 )  
C ( 2 1 1 ) - C (  2 1 6 )  1 3 7 4 ( 3 8 )  
C ( 2 1 3 ) - C ( 2 1 4 )  1 . 4 1 5 ( 5 0 )  
C ( 2 1 5 ) - C ( 2 1 6 )  1 3 6 1 ( 4 4 )  
C (  2 2 1  ) - C (  2 2 6 )  1 3 9 7 (  3 8  )  
C ( 2 2 3 ) - C ( 2 2 4 )  1 3 6 8 ( 4 6 )  
C ( 2 2 5 ) - C ( 2 2 6 )  1 3 4 1 ( 3 4 )
0 u ( l ) - P ( l )  2  3 4 7 ( 6 )
0 u (  1 ) - B (  1 0 8 )  2  2 6 9 ( 2 6 )  
0 u (  2  ) - P (  2  )  2  3 3 5 ( 6 )
0 u (  2 ) - B (  2 0 8 )  2 . 2 4 4 ( 2 5 )  
P ( l ) - C ( l )  1 . 8 3 4 ( 2 3 )
P ( l ) - C ( 1 2 1 >  1 8 2 7 ( 3 1 )
P (  2  ) - C (  2 1 1  )  1 7 9 8 ( 2 8 )
C (  1 ) - C ( 2 )  1 5 8 6 ( 3 8 )
B (  1 0 1  ) ~ B (  1 0 3 )  1 8 6 9 ( 5 1 )  
B ( 1 0 1 ) - B ( 1 0 5 )  1 8 2 8 ( 5 3 )  
B ( 1 0 2 ) - B ( 1 8 3 )  1 . 7 1 8 ( 4 8 )  
B (  1 8 2 ) - C (  1 8 6 )  1 7 8 9 ( 4 2 )  
B (  1 0 3 > - B (  1 0 4 )  1 8 2 8 ( 4 8 )  
B ( 1 0 3 ) - B ( 1 8 8 )  1 8 5 7 ( 4 6 )  
B (  1 0 4  ) ~ B (  1 1 0 )  1 7 6 5 ( 5 0 )  
B (  1 0 5 ) - B (  1 1 8 )  1 8 1 0 ( 5 2 )  
B ( 1 8 7 ) - B ( 1 8 8 )  1 8 2 8 ( 4 3 )  
B (  2 0 1  ) - B (  2 0 3 )  1 8 6 8 ( 5 1 )  
B ( 2 0 1 ) - B ( 2 8 5 )  1 7 7 6 ( 5 3 )  
B ( 2 0 2 ) - B ( 2 0 3 )  1 7 6 7 ( 5 4 )  
B ( 2 0 2 ) - C ( 2 0 6 )  1 7 3 9 ( 4 1 )  
B (  2 0 3  ) - B (  2 0 4  )  1 8 1 9 ( 3 8 0  
B ( 2 0 3 ) - B ( 2 0 8 )  1 8 9 5 ( 4 6 )  
B (  2 0 4  ) - B ( 2 1 0 )  1 8 3 4 ( 4 4 )  
B (  2 0 5  ) - B ( 2 1 0 )  1 8 1 8 ( 5 7 )  
B ( 2 0 7 ) - B ( 2 0 8 )  1 . 9 6 6 ( 4 6 )  
C ( l l l ) - C ( 1 1 6 )  1 3 9 6 ( 3 9 )  
C (  1 1 3 ) - C (  1 1 4 )  1 3 9 1 ( 5 9 )  
C ( 1 1 5 ) - C ( 1 1 6 )  1 3 5 2 ( 4 2 )  
C ( 1 2 1 ) - C ( 1 2 6 )  1 3 3 4 ( 3 9 )  
C ( 1 2 3 ) - C ( 1 2 4 )  1 2 3 2 ( 4 9 )  
C (  1 2 4  ) - C (  1 2 5 )  1 3 2 9 ( 5 8 )  
C (  2 1 1  ) - C (  2 1 2 )  1 3 9 5 ( 3 5 )  
C (  2 1 2  ) - C (  2 1 3  )  1 3 4 6 ( 4 7 )  
C ( 2 1 4 ) ~ C ( 2 1 5 )  1 4 1 7 ( 4 7 )  
C (  2 2 1  ) ~ C (  2 2 2 )  1 . 3 8 6 ( 3 2 )  
C ( 2 2 2 ) - C ( 2 2 3 )  1 3 6 6 ( 4 1 )  
C (  2 2 4  >-C< 2 2 5  )  1 3 7 9 ( 4 1 )
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[arachno-6 .9 .9 '.6 , - « S 0H1 2 )Au(dppe)Au(CB0H12)1 (1 2 ).
•fable 51. Interbond angles ( ° ) , with standard
deviations in parenthesis, for
B u ( 2 ) ~ B u ( l  ) - P ( l  )  8 6  1 ( 2 )
P (  1 ) - B u (  1 > - B <  1 0 4 )  141  8 ( 8 )
P (  1 ) - B u (  1 ) - B ( 1 0 8 )  1 6 9  3 ( 8 )
B u ( 2 ) - B u (  1 ) - B ( U 0 )  1 6 9 . 8 ( 8 )
B (  1 8 4  ) - B u <  1 ) - B (  1 1 8 )  4 5  6 ( 1 2  )
B u (  1 ) - B u (  2  ) - P (  2  )  8 9  5 ( 2 )
P (  2  ) - B u (  2  ) - B (  2 8 4  )  1 2 7  3 ( 7 )
P (  2  ) - B u (  2  ) - B (  2 8 8  )  1 7 6  9 ( 7 )
B u (  1 ) - B u ( 2  ) - B ( 2 1 0  )  1 7 7 . 8 ( 9 )
B ( 2 8 4 ) - B u ( 2 ) - B ( 2 1 8 )  4 5  9 ( 1 1 )
B u (  1 ) - P (  1 ) - C (  1 )  1 0 9  7 ( 8 )
C (  1 ) - P (  1 ) - C (  1 1 1 )  1 0 7  5 ( 1 1 )
C (  1 ) - P (  1 ) - C (  1 2 1  )  1 0 3  4 ( 1 2 )
B u ( 2 ) - P ( 2 ) - C ( 2 )  1 8 5  7 ( 7 )
C ( 2 ) - P ( 2 ) - C ( 2 1 1 )  1 0 4  9 ( 1 1 )
C (  2  ) - P (  2  ) - C (  2 2 1  )  1 8 5  4 ( 1 8 )
P ( l ) - C ( l ) - C ( 2 )  1 1 9  3 ( 1 5 )
B ( 1 8 2 ) - B ( 1 0 1 ) - B ( 1 8 3 )  5 6 1 ( 1 8 )  
B (  1 8 3 ) - B (  1 8 1  ) - B (  1 0 4 )  58 8(18)
B (  1 8 3 ) - B (  1 8 1  ) - B (  1 8 5 )  1 0 7  2 ( 2 2 )  
B (  1 0 2 ) - B (  1 0 1  ) - B (  1 1 0 )  1 0 9  8 ( 2 1 )  
B (  1 8 4 ) - B (  1 0 1  ) - B (  1 1 0  )  5 8  5 ( 1 9 )
8 (  181  ) - B (  1 8 2 ) - B (  1 8 3 )  6 4  5 ( 1 9 )
B (  1 8 3 ) - B (  1 0 2 ) ~ B (  1 8 5 )  111  9 ( 2 2 )  
B (  1 8 3 ) - B (  1 0 2 ) - C (  1 0 6 )  1 8 8  3 ( 2 4 )  
B (  1 0 1  ) - B (  1 8 2 ) - B (  1 0 7 )  1 1 0  8 ( 2 3 )  
B (  1 0 5  > - B (  1 0 2 ) - B (  1 8 7 )  1 0 8  5 ( 2 3 )  
B (  1 0 1  ) - B (  1 0 3 ) - B (  1 8 2 )  5 9  4 ( 1 9 )
B< 1 0 2  ) - B (  1 0 3  ) - B (  1 0 4 )  1 0 6  3 ( 2 2 )  
B (  1 0 2 ) - B (  1 0 3 ) - B (  1 0 7 )  6 3  1 ( 1 9 )  
B (  101  ) - B (  1 0 3 ) - B (  1 0 8 )  1 1 2  3 ( 2 8 )  
B (  1 0 4  ) - B (  1 0 3 ) - B (  1 8 8  )  5 9  8 ( 1 6 )
B u (  1 )- B<  1 0 4  ) - B <  1 0 1 )  1 2 4  4 ( 1 8 )
B( 18 1 ) - B <  1 8 4 ) - B <  1 8 3 )  6 1 . 8 ( 1 8 )  
8 (  181  > - B (  1 0 4  ) - B (  1 8 8  )  1 1 4  8 ( 2 8 )  
B u (  1 ) - B (  1 0 4  ) - B (  1 1 0 )  7 2 . 5 ( 1 4 )
B i  1 8 3  > - B <  1 0 4 ) - B ( 1 1 0 )  1 8 8  6 (  2 2  )  
B (  1 8 1  ) - B (  1 0 5 ) - B (  1 0 2 )  5 7  5 ( 1 8 )
B (  1 0 2 ) - B (  1 0 5 ) - C (  1 0 6 )  5 5  7 ( 1 7 )
B (  1 8 2  ) - B <  1 0 5  ) ~ B (  1 1 0 )  1 0 2  7 ( 2 7 )  
B (  1 0 2  >-C< 1 0 6  ) - B (  1 8 5 )  5 9  8 ( 1 8 )
B (  1 0 5  ) - C (  1 0 6  ) - B (  1 0 7 )  1 0 9  6 ( 2 1 )  
B (  1 8 2  ) - B (  1 0 7  ) - C (  1 8 6  )  6 8  7 ( 1 9 )
B (  1 8 2  ) - B (  1 0 7 ) - B (  1 0 8 )  1 1 0  2 ( 2 1 )  
C ( 1 0 6 ) - B ( 1 0 7 ) - B ( 1 0 8 )  1 1 7  7 ( 2 2 )  
0 u (  1 ) - B (  1 0 8 ) - B (  1 0 4 )  6 3  0 ( 1 2 )
8 u (  1 ) - B (  1 0 8  ) - B (  1 0 7 )  1 1 2  9 ( 1 8 )
B (  1 0 4  ) - B <  1 0 8  ) ~ B (  1 0 7 )  10 1 5 ( 2 2 )  
0 u (  1 ) - B <  1 1 0 ) - B (  1 0 4 )  61 8 ( 1 4 )
0 u ( l ) - B ( 1 1 0 ) - B ( 1 0 5 )  1 1 7 . 9 ( 2 8 )
8 u ( 2 ) - P u (  1 ) - B (  1 8 4 )  1 2 5 . 4 ( 9 )
A u ( 2 ) - 8 u (  1 ) - B (  1 8 8 )  8 5 . 6 ( 8 )
B (  1 0 4  ) ~ 8 u (  1 ) - B (  1 0 8  )  4 8  8 ( 1 1 )
P (  1 ) - 0 u (  1 ) - B (  1 1 8 )  1 0 4  1 ( 8 )
B (  1 0 8  ) - 8 u (  1 ) - B (  1 1 0 )  8 4  2 ( 1 2 )
0 u (  1 ) - P u (  2  ) - B (  2 8 4  )  1 3 1 . 9 ( 8 )
0 u (  1 ) - 0 u ( 2 ) - B ( 2 0 8 )  9 2 . 6 ( 8 )
B (  2 8 4  ) - 0 u (  2  ) - B (  2 8 6  )  4 9  . 7 ( 1 0 )
P (  2  ) - P u (  2  ) - B (  2 1 8 )  9 2 . 3 ( 1 1 )
B ( 2 0 8 ) - 0 u ( 2  ) - B ( 2 1 0 )  85 5(13)
8 u (  1 ) - P (  1 ) - C (  1 1 1  )  1 1 5 . 9 ( 8 )
A u (  1 ) - P (  1 ) - C (  1 2 1  )  1 1 7 . 9 ( 9 )
C ( U 1 ) - P ( 1 ) - C ( 1 2 1 )  1 0 1  3 ( 1 2 )
A u (  2  ) - P (  2  ) ~ C (  2 1 1 )  1 1 7 . 9 ( 8 )
8 u (  2  ) - P (  2  ) - C (  2 2 1  )  1 2 1 . 3 ( 8 )
C ( 2 1 1 ) - P ( 2 ) - C ( 2 2 1 )  1 0 8  1 ( 1 1 )
P ( 2 ) - C ( 2 ) ~ C (  1 )  1 1 4  5 ( 1 5 )
B (  1 B 2 ) - B (  101  ) - B (  1 0 4 )  1 0 2 . 6 ( 2 3 )
B ( 1 0 2 ) - B ( 1 0 1 ) - B ( 1 0 5 )  6 2 . 5 ( 1 8 )
B (  1 8 4 ) - B (  1 0 1  ) - B (  1 0 5 )  1 0 5 . 4 ( 2 2 )  
B (  1 0 3 ) - B (  101 ) - B (  1 1 0 )  1 0 7  3 ( 2 4 )  
B ( 1 0 5 ) - B ( 1 0 1 ) - B ( U 0 )  6 8  7 ( 1 9 )
B (  181  ) - B (  1 0 2 ) - B (  1 0 5 )  6 0  0 ( 1 9 )
B (  101 ) - B (  1 0 2 ) - C (  1 0 6 )  1 1 2  8 ( 2 8 )  
B (  1 0 5  ) - B (  1 0 2  ) ~ C (  1 0 6  )  6 4 . 5 ( 1 8 )
B (  1 0 3  ) - B (  1 0 2  ) - B (  1 0 7  )  5 9 . 8 ( 1 9 )
C (  1 0 6 ) - B (  1 0 2 ) - B (  1 0 7 )  5 6  5 ( 1 8 )
B (  101  ) - B (  1 0 3 ) - B (  1 0 4 )  6 0  2 ( 1 7 )
B (  101  ) - B (  1 0 3 ) - B (  1 0 7 )  1 0 9  4 ( 2 3 )  
B (  1 0 4  ) - B (  1 0 3 ) - B (  1 0 7 )  1 0 4  3 ( 2 0 )  
B (  1 8 2 ) - B (  1 0 3 ) - B (  1 0 8 )  1 1 3  7 ( 2 1 )  
B(  1 8 7  ) ~ B (  1 0 3  ) - B (  1 0 8  )  68  5 ( 1 7 )
0 u (  1 ) - B (  1 8 4 ) - B (  1 0 3 )  1 2 1 . 7 ( 1 7 )
B u d  ) - B (  1 8 4  ) - B ( 1 0 8  )  6 8  2 ( 1 2 )
B (  1 8 3  ) - B (  1 0 4  ) - B (  1 0 8 )  6 0  9 ( 1 7 )
B (  181  ) - B (  1 0 4 ) - B (  1 1 0 )  5 7  9 ( 1 8 )
B( 1 8 8 ) - B (  1 0 4  ) - B (  1 1 0 )  1 1 8  7 ( 2 0 )  
B (  101 ) - B (  1 0 5 ) - C (  1 0 6 )  1 0 3  5 ( 2 5 )  
B (  101  ) - B (  1 0 5 ) - B (  1 1 0 )  5 7  6 ( 1 9 )
C (  1 0 6 ) - B (  1 0 5 ) - B (  1 1 0 )  1 0 7  9 ( 2 7 )  
B (  1 0 2 ) - C (  1 0 6 ) - B (  1 0 7 )  6 2 . 8 ( 1 8 )
B (  1 0 2 ) - B (  1 0 7 ) - B (  1 0 3 )  5 7 . 2 ( 1 8 )
B (  1 8 3 ) - B (  1 0 7  ) ~ C (  1 8 6  )  1 0 9  6 ( 2 5 )  
B (  1 0 3  ) - B (  1 0 7  ) - B (  1 0 8  )  6 2  2 ( 1 8 )
B u (  1 ) - B (  1 0 8  ) - B (  1 0 3 )  1 1 5  8 ( 1 8 )
B (  1 8 3 ) - B (  1 0 8 ) - B (  1 0 4 )  5 9  3 ( 1 6 )
B (  1 0 3 ) - B (  1 0 8 ) - B (  1 0 7 )  5 7  3 ( 1 6 )
B u d  ) - B (  U 0 ) - B (  101  )  1 1 9  9 ( 2 2 )
B (  101  ) - B (  U O ) - B (  1 0 4 )  6 3  6 ( 2 8 )
B (  101  ) - B ( 1 1 0 ) - B (  1 0 5 )  6 1  7 ( 2 0 )
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Table 51 oontim ed
B ( 1 8 4  ) - B ( 1 1 0 ) ~ B ( 1 0 5 )  
B ( 2 0 2 ) - B ( 2 0 1  ) - B ( 2 8 4 )  
B ( 2 8 2 ) - B ( 2 8 1 ) - B ( 2 8 5 )  
B (  2 0 4  ) - B ( 2 0 1 ) - B ( 2 0 5 )  
B ( 2 8 3 ) - B ( 2 8 1 ) - B ( 2 1 0 )  
B ( 2 0 5 ) - B ( 2 0 1  > - B < 2 1 0 >  
B (  2 0 1  ) - B ( 2 0 2 ) - B ( 2 8 5 )  
B (  2 0 1  ) - B ( 2 0 2 ) - C ( 2 8 6 )  
B (  2 0 5  ) - B (  2 0 2  ) - C (  2 0 6  > 
B ( 2 0 3 ) - B ( 2 0 2 > - B < 2 0 ? )  
C ( 2 0 6 ) - B < 2 0 2 ) - B < 2 0 7 )  
B (  2 0 1  > - B <  2 0 3 > ~ B (  2 0 4  )  
B ( 2 0 1  ) - B ( 2 0 3 ) ~ B ( 2 0 7 )  
B ( 2 0 4 > - B < 2 0 3 ) - B ( 2 0 7 )  
B (  2 0 2  ) - B (  2 0 3  ) - B (  2 0 8  )  
B < 2 0 7 ) - B ( 2 0 3 ) - B < 2 0 8 )  
0 u ( 2 > - B ( 2 0 4 ) - B ( 2 0 3 )  
0 u (  2  ) - B (  2 0 4  ) - B (  2 0 8  )  
B (  2 0 3  ) - B (  2 0 4  ) - B (  2 0 8  )  
B (  2 0 1  ) - B (  2 0 4  ) - B (  2 1 0  > 
B (  2 0 8  ) - B (  2 0 4  ) - B (  2 1 0  )  
B (  2 0 1  > - B (  2 0 5  ) - C (  2 0 6  > 
B (  2 0 1  ) - B ( 2 0 5 ) - B ( 2 1 0 )  
C (  2 0 6  ) ~ B (  2 0 5  ) ~ B (  2 1 0  > 
B < 2 0 2 ) - C ( 2 0 6 ) - B ( 2 0 7  > 
B (  2 0 2  ) - B (  2 0 7 ) - B (  2 0 3  )  
B (  2 0 3  ) - B (  2 0 7  ) - C (  2 0 6  > 
B ( 2 0 3 ) - B ( 2 0 7 ) - B ( 2 0 8 )  
0 u (  2  ) - B (  2 0 8  ) - B <  2 8 3  )  
B (  2 0 3  ) - B (  2 0 8  ) - B (  2 0 4  )  
B ( 2 0 3 ) - B < 2 0 8 ) - B < 2 0 7 )  
0 u ( 2 > - B < 2 1 0 > - B ( 2 0 1  > 
B< 2 0 1  ) - B (  2 1 0  ) - B <  2 0 4  )  
B ( 2 0 1 ) - B ( 2 1 0 ) - B ( 2 0 5 )  
P < 1 > - C < 1 1 1 > - C < 1 1 2 )
C < 1 1 2 > - C <  111  ) - C <  1 1 6 )  
C < 1 1 2  ) - C <  1 1 3  ) “ C < Í 1 4 )  
C< 1 1 4 > - C <  U 5 ) - C < 1 1 6 )  
P ( 1 > - C ( 1 2 1 ) - C < 1 2 2 )
C (  1 2 2 ) - C (  1 2 1  ) - C <  1 2 6 )  
C< 1 2 2  ) - C <  1 2 3  ) - C <  1 2 4  )  
C (  1 2 4  ) - C <  1 2 3  ) - C <  1 2 5 )  
C (  1 2 3 ) - C (  1 2 5 ) - C (  1 2 4 )  
C< 1 2 4  ) - C <  1 2 5  ) - C <  1 2 6 )  
P< 2 ) - C < 2 1 1  ) - C ( 2 1 2 )
C (  2 1 2  ) ~ C (  2 1 1  ) - C < 2 1 6 )  
C < 2 1 2 ) ‘ C < 2 1 3 ) - C < 2 1 4 )  
C ( 2 1 4 ) - C ( 2 1 5 ) - C < 2 1 6 )  
P (  2  ) - C ( 2 2 1  ) - C < 2 2 2 )
C < 2 2 2  ) - C (  2 2 1  ) - C ( 2 2 6 )  
C ( 2 2 2 ) - C ( 2 2 3 ) - C < 2 2 4 )  
C < 2 2 4  ) - C <  2 2 5  >-C< 2 2 6  )
1 1 0  1 < 2 4 )
1 0 6  5 ( 2 3 )
5 9  1 ( 1 8 )
1 0 9  9 ( 2 3 )  
1 1 2 . 7 ( 2 4 )
6 2 . 5 ( 1 9 )
6 0  9 ( 2 0 )  
1 1 6 . 1 ( 2 4 )
6 5  1 ( 1 9 )  
6 2 . 2 ( 2 0 )  
6 0 . 3 ( 1 9 )  
5 7  5 < 1 8 )
1 0 7  3 ( 2 5 )  
1 0 9 .  7 ( 2 1  )
110 1 (2 2 ) 
6 3  6 ( 1 7 )
1 1 7 . 4 ( 1 7 )  
6 3  7 ( 1 2 )  
6 1 . 0 ( 1 6 )  
5 7 . 2 ( 1 9 )  
1 1 4 . 8 ( 2 0 )  
1 0 8 .  7 ( 2 5 )  
5 7 . 4 ( 1 8 )  
1 1 6 . 2 ( 2 7 )  
6 1 . 3 ( 1 8 )  
5 8 . 3 ( 1 9 )  
1 0 9 . 0 ( 2 3 )  
59 .7 (17 ) 
1 1 6 . 5 ( 1 8 )  
5 7  1 ( 1 5 )  
5 6 . 8 ( 1 6 )
1 1 6  0 ( 2 3 )
5 9  5 ( 2 0 )
6 0  1 ( 2 2 )  
1 2 8 .  7 ( 2 0 )
1 1 7  3 ( 2 3 )  
1 1 9 . 4 ( 3 5 )  
1 1 7 . 7 ( 3 4 )  
1 1 5 . 2 ( 2 2 )  
1 2 3 . 8 ( 2 9 )  
1 2 3 . 1 ( 3 3 )
2 9  9 ( 2 2 )  
2 7 . 5 ( 2 2 )  
1 2 2 . 4 ( 3 8 )  
1 2 4  8 ( 2 1 )
1 1 5  4 ( 2 6 )
1 1 8  4 ( 2 7 )  
1 1 7  9 ( 2 9 )  
1 2 1 . 0 ( 1 7 )
1 1 6  1 ( 2 0 )
1 2 0  7 ( 2 9 )
1 2 1  9 ( 2 4 )
B (  2 0 2  ) - B (  2 0 1  ) ~ B (  2 0 3  )  5 8  3 ( 1 8 )
B (  2 8 3  ) - B (  2 0 1  ) - B (  2 0 4 )  6 0  1 ( 1 8 )
B ( 2 8 3 ) - B ( 2 8 1 ) - B ( 2 0 5 )  1 0 ?  4 ( 2 2 )  
B ( 2 0 2 ) - B ( 2 0 1  ) - B ( 2 1 0 )  1 1 8  7 ( 2 4 )  
B ( 2 0 4 ) - B ( 2 8 1  ) - B ( 2 1 0 )  6 3 . 3 ( 1 7 )
B (  2 8 1  ) - B < 2 8 2  ) - B ( 2 0 3 )  6 3 . 7 ( 2 8 )
B ( 2 0 3 ) - B ( 2 8 2 ) - B < 2 0 5 )  1 1 3  3 ( 2 6 )  
B (  2 8 3 ) ~ B (  2 0 2  ) - C (  2 0 6  )  1 1 3  8 ( 2 5 )  
B (  2 8 1  ) - B (  2 8 2  ) - B (  2 0 7  )  1 1 4  8 ( 2 6 )  
B ( 2 0 5 ) - B ( 2 0 2 ) - B ( 2 8 7 )  1 1 2 . 5 ( 2 4 )  
B (  2 0 1  ) - B (  2 8 3  ) - B (  2 8 2  )  5 8  8 ( 2 0 )
B ( 2 8 2 ) - B ( 2 0 3 ) - B ( 2 8 4 )  1 0 4 . 1 ( 2 4 )  
B ( 2 8 2 ) - B ( 2 0 3 ) - B ( 2 0 7 )  5 9 . 5 ( 2 0 )
B (  2 0 1  ) - B (  2 8 3  ) - B (  2 8 8  )  1 8 9  2 ( 2 8 )  
B ( 2 0 4 ) ~ B ( 2 8 3 ) - B ( 2 8 8 )  6 1  8 ( 1 7 )
0 u ( 2 ) ~ B ( 2 8 4 ) - B ( 2 8 1 )  1 1 9  2 ( 1 8 )
B ( 2 8 1 ) - B ( 2 0 4 ) - B ( 2 8 3 )  6 2 . 4 ( 1 9 )
B (  2 0 1  ) - B (  2 0 4  ) - B (  2 0 8  )  1 1 2 . 5 ( 1 8 )  
0 u (  2  ) - B (  2 8 4  ) - B (  2 1 0 )  7 0  0 ( 1 3 )
B( 2 8 3 ) - B ( 2 0 4  ) - B ( 2 1 0 )  1 0 9  7 ( 2 5 )  
B (  2 8 1  ) - B (  2 0 5  ) - B (  2 0 2  )  6 0  0 ( 1 9 )
B ( 2 8 2 ) - B ( 2 0 5 ) - C ( 2 0 6 )  5 7 . 3 ( 1 7 )
B ( 2 0 2 ) - B ( 2 0 5 ) - B ( 2 1 0 )  1 0 7  3 ( 2 9 )  
B ( 2 8 2 ) - C ( 2 0 6 ) - B ( 2 8 5 )  5 7 . 6 ( 1 9 )
B (  2 0 5  ) - C (  2 0 6  ) - B (  2 0 7  )  1 0 7 . 3 ( 2 1 )  
B (  2 8 2  ) - B (  2 0 7  ) - C (  2 0 6  )  5 8  5 ( 1 9 )
B (  2 8 2  ) - B (  2 0 7  ) - B (  2 8 8  )  1 0 6  0 ( 2 1 )  
C (  2 0 6  ) - B (  2 0 7  ) ~ B (  2 8 8  )  1 1 3  9 ( 2 1 )  
0 u ( 2  ) ~ B (  2 8 8  ) - B ( 2 0 4  )  6 6  6 ( 1 1 )
0 u ( 2  ) - B (  2 8 8  ) - B (  2 0 7  )  1 1 3 . 9 ( 1 7 )
B ( 2 0 4  ) - B ( 2 0 8  ) - B (  2 0 7 )  18 1 8 ( 2 8 )  
P u ( 2 ) - B ( 2 1 0 > - B ( 2 0 4 >  6 4  1 ( 1 4 )
0 u ( 2 ) - B ( 2 1 0 ) - B ( 2 0 5 )  1 1 2 . 5 ( 2 2 )
B (  2 8 4  ) - B (  2 1 0  ) - B (  2 0 5  )  1 8 5  4 ( 2 9 )  
P (  1 ) - C ( l l l  ) - C (  1 1 6 )  1 2 1  5 ( 2 8 )
C (  1 1 1  ) - C ( U 2 ) - C (  1 1 3 )  1 2 3 . 3 ( 3 8 )  
C ( 1 1 3 ) - C ( U 4 ) - C ( 1 1 5 >  1 2 8 . 8 ( 3 1 )  
C (  1 1 1  ) - C (  U 6 ) - C (  1 1 5 )  1 2 2 . 0 ( 3 8 )  
P (  1 ) - C ( 1 2 1  ) - C (  1 2 6 )  1 2 1  6 ( 2 1 )
C (  1 2 1  ) - C (  1 2 2 ) - C (  1 2 3 )  1 1 3  7 ( 2 8 )  
C ( 1 2 2 ) - C ( 1 2 3 ) - C ( 1 2 5 )  9 3  2 ( 2 3 )
C ( 1 2 3 ) ~ C ( 1 2 4 ) - C ( 1 2 5 )  1 2 2 . 6 ( 4 8 )  
C (  1 2 3 ) - C (  1 2 5 ) - C (  1 2 6 )  9 4  9 ( 2 6 )
C (  1 2 1  ) - C (  1 2 6 ) ~ C (  1 2 5 )  1 1 5  2 ( 2 7 )  
P ( 2 ) - C ( 2 1 1 ) - C ( 2 1 6 )  1 1 9  5 ( 2 0 )
C ( 2 1 1  ) - C ( 2 1 2 > ~ C ( 2 1 3 )  1 2 4  2 ( 2 7 )  
C ( 2 1 3 ) - C ( 2 1 4 ) - C ( 2 1 5 )  1 1 9  1 ( 3 2 )  
C ( 2 1 1  ) - C ( 2 1 6 ) - C ( 2 1 5 )  1 2 4 . 3 < 2 8 >  
P ( 2 ) - C ( 2 2 1 ) - C ( 2 2 6 )  1 2 2  8 ( 1 6 )
C ( 2 2 1 ) - C ( 2 2 2 ) - C ( 2 2 3 )  1 2 2  8 ( 2 4 )  
C ( 2 2 3 ) - C ( 2 2 4 ) - C ( 2 2 5 )  1 1 8  8 ( 2 7 )  
C ( 2 2 1 ) - C ( 2 2 6 ) - C ( 2 2 5 )  1 2 1  2 ( 2 1 )
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leíble 52. F inal fra c t io n a l coordinates (x  104 ) ,
w ith standard deviations in  parenthesis, fo r  
[ arachno-6 ,9 t9, ,6 ,-(CBBH1 2 )Au(dppe)Au(CBBH13)1 (1 2 ).
atom X V z U
8 u ( l ) 2 4 6 3  3 ( 7 ) 6 1 8 9  7 ( 5 ) 9 6 9 7  6 ( 4 ) 4 2 ( 1 ) $
P u (  2 ) 2 9 9 4  6 ( 7 ) 6 2 3 6 . 1 ( 5 ) 8 4 7 5 . 1 ( 4 ) 4 3 (  1 ) $
P ( l ) 1 3 3 8 ( 5 ) 7 1 9 5 ( 3 ) 9 2 9 9 ( 3 ) 4 4 ( 2 ) t
P ( 2 > 3 9 8 6 ( 5 ) 7 3 6 8 ( 3 ) 8 8 1 7 ( 3 ) 4 8 ( 2 ) $
C ( l ) 2 1 9 6 ( 2 6 ) 7 9 7 8 (  11 ) 9 2 6 5 ( 1 2 ) 5 1 ( 1 8 ) $
C ( 2 ) 2 8 7 6 ( 1 9 ) 8 6 6 5 ( 1 1  ) 8 7 2 2 ( 1 2 ) 4 4 ( 9 ) $
t r i t i > 2 7 1 3 ( 2 9 ) 5 2 4 6 ( 1 6 ) 1 1 3 1 8 ( 1 8 ) 6 4 ( 1 4 ) $
B ( 1 6 2  > 2 2 3 9 ( 2 4 ) 4 4 2 3 ( 1 6 ) 1 6 8 9 8 ( 1 8 ) 6 8 ( 1 2 ) $
B(. 1 6 3 ) 3 4 4 1 ( 2 6 ) 4 7 2 3 ( 1 5 ) 1 8 7 4 8 ( 1 8 ) 6 4 ( 1 3 ) $
B ( 1 6 4 ) 3 3 1 7 ( 2 4 ) 5 6 9 8 ( 1 5 ) 1 6 6 5 8 ( 1 6 ) 5 3 ( 1 2 ) $
B < 1 6 5 > 1 2 8 3 ( 3 4 ) 5 1 7 9 ( 1 9 ) 1 8 9 2 6 Í 2 2 ) 9 5 ( 1 9 ) $
C ( 1 6 6 > 1 2 3 6 ( 2 1 ) 45530 5 > 1 6 1 1 6 ( 1 9 ) 8 4 ( 1 4 ) $
B (  1 6 7  > 2 5 1 1 ( 2 6 ) 4 3 8 6 ( 1 7 ) 1 6 8 2 6 ( 1 7 ) 6 2 ( 1 3 ) $
B ( 1 6 8 ) 3 3 3 5 ( 2 4 ) 5 1 4 4 ( 1 3 ) 9 8 7 4 ( 1 6 ) 5 3 ( 1 2 ) $
B (  1 1 6  > 2 6 7 8 ( 3 8 ) 5 9 6 3 ( 1 7 ) 1 8 8 1 7 ( 1 6 ) 7 1 ( 1 5 ) $
B ( 2 6 1  > 2 8 8 6 ( 3 8 ) 5 6 6 1 ( 1 4 ) 6 7 6 6 ( 1 7 ) 6 4 ( 1 5 ) $
B < 2 6 2 ) 3 3 6 8 ( 2 7 ) 4 7 4 4 ( 2 6 ) 7 8 6 8 ( 1 7 ) 7 6 (  1 4 ) $
B ( 2 6 3 ) 2 8 5 9 ( 3 1 ) 4 9 5 9 ( 1 5 ) 7 1 5 4 ( 1 8 ) 7 2 ( 1 5 ) $
B ( 2 6 4 > 2 1 2 6 ( 2 4 ) 5 9 1 2 ( 1 3 ) 7 3 6 5 ( 1 7 ) 5 6 ( 1 2 ) $
8 ( 2 8 5 ) 4 2 4 2 ( 3 4 ) 5 4 7 5 ( 1 7 ) 7 2 8 4 ( 1 9 ) 8 2 ( 1 7 ) $
C ( 2 8 6 ) 4 3 6 8 ( 2 3 ) 4 7 2 1 ( 1 5 ) 7 8 4 8 ( 1 7 ) 8 8 ( 1 3 ) $
B (  2 6 7  ) 2 9 7 4 ( 3 1 ) 4 4 5 7 ( 1 7 ) 7 8 4 2 ( 1 5 ) 7 8 ( 1 4 ) $
B ( 2 6 8 ) 2 6 8 8 ( 2 4 ) 5 2 3 4 ( 1 3 ) 8 8 9 8 ( 1 5 ) 5 3 ( 11 ) $
B ( 2 1 6 ) 3 4 6 6 ( 2 1 ) 6 2 5 7 ( 2 7 ) 7 3 5 1 ( 1 4 ) 8 9 ( 1 7 ) $
C< 1 1 1 > 4 6 1 ( 1 8 ) 7 1 6 8 ( 1 3 ) 8 4 5 5 ( 1 3 ) 4 7 ( 9 ) $
C (  1 1 2 > - 2 5 ( 2 2 ) 6 4 7 3 ( 1 6 ) 8 2 4 7 ( 1 6 ) 6 8 ( 1 2 ) $
C ( 1 1 3 ) - 7 2 7 ( 2 2 ) 6 3 9 1 ( 2 1 ) 7 6 5 5 ( 1 8 ) 8 4 ( 1 5 ) $
C < 1 1 4  > - 1 6 4 3 ( 2 9 ) 6 9 8 4 ( 2 7 ) 7 2 2 8 ( 2 8 ) 1 1 7 ( 2 1  ) $
C ( 1 1 3 ) - 5 7 8 ( 2 6 ) 7 6 5 2 ( 2 1 ) 7 4 1 6 ( 1 9 ) 9 4 ( 1 6 ) $
C ( 1 1 6 ) 1 4 2 ( 2 4 ) 7 7 6 5 ( 1 7 ) 8 8 2 9 ( 1 6 ) 8 8 ( 1 4 ) $ '
C ( 1 2 1  ) 4 6 9 ( 2 2 ) 7 5 6 9 ( 1 4 ) 9 8 2 7 ( 1 4 > 5 9 ( 7 )
C ( 1 2 2  > 9 1 6 ( 2 6 ) 7 8 1 6 ( 1 5 ) 1 6 5 6 1 ( 1 6 ) 8 2 ( 9 )
C< 1 2 3  ) 1 5 4 ( 2 8 ) $ 6 1 4 ( 1 7 ) 1 8 9 2 6 ( 1 8 ) 9 3 ( 1 8 )
C < 1 2 4 ) - 8 2 1 ( 2 8 ) 7 9 2 8 ( 1 7 ) 1 8 7 3 3 ( 1 8 ) 8 8 ( 1 8 )
C ( 1 2 5 ) - 1 2 6 6 ( 3 7 ) 7 6 3 5 ( 2 1  ) 1 8 1 2 8 ( 2 1 ) 1 2 5 ( 1 4 )
C ( 1 2 6 ) - 6 4 4 ( 2 2 ) 7 4 6 1 ( 1 4 ) 9 6 2 8 ( 1 4 ) 6 2 ( 7 )
C ( 2 1 1  ) 4 8 2 5 ( 2 8 ) 7 6 2 3 ( 1 2 ) 8 3 1 1 ( 1 2 ) 5 3 ( 1 8 ) $
C< 2 1 2  ) 4 5 8 8 ( 2 4 ) 8 1 3 8 ( 1 4 ) 7 7 8 1 ( 1 4 ) 7 8 ( 1 2 ) $
C ( 2 1 3 ) 5 2 6 8 ( 2 6 ) 8 3 4 2 ( 1 6 ) 7 3 7 9 ( 1 5 ) 7 3 ( 1 3 ) $
C ( 2 1 4 ) 6 3 1 3 ( 3 2 ) 8 6 4 7 ( 1 8 ) 7 5 2 1 ( 1 4 ) 9 7 ( 1 7 ) $
C ( 2 1 5 ) 6 5 6 7 ( 2 8 ) 7 4 9 2 ( 2 1 ) 8 6 2 6 ( 1 6 ) 9 5 ( 1 5 ) $
C< 2 1 6 ) 38 1 2 ( 2 2 ) 7 3 6 2 ( 1 7 ) 8 3 8 8 ( 1 4 ) 7 4 ( 1 3 ) $
C ( 2 2 1  ) 4 7 8 5 ( 1 8 ) 7 4 2 2 (  11 ) 9 6 8 4 (  1 1 ) 4 6 ( 8 ) $
C ( 2 2 2  ) 4 9 5 4 ( 2 3 ) 8 1 8 1 ( 1 3 ) 9 9 6 2 ( 1 4 ) 7 1 ( 1 1 ) $
C ( 2 2 3  ) 5 6 2 1 ( 2 6 ) 8 2 6 2 ( 1 8 ) 1 8 6 6 1 ( 1 9 ) 9 6 ( 1 6 ) $
C < 2 2 4  ) 6 8 3 3 ( 2 4 ) 7 6 3 8 ( 1 8 ) 1 1 8 6 4 ( 1 6 ) 7 6 ( 1 4 ) $
C < 2 2 5 ) 5 7 8 4 ( 2 2 ) 6 9 5 1 ( 1 4 ) 1 8 7 3 7 ( 1 5 ) 6 6 ( 1 2 ) $
C < 2 2 6 ) 5 1 5 2 ( 1 7 ) 6 8 4 5 ( 1 2 ) 1 8 1 8 3 ( 1 3 ) 4 6 ( 9 ) $
$ E e u i v s l e n t  i s o t r o p i e  U d e f i n e d as o n e  t h i r d o f  thè
(race o f  t h e  o r t h o e o n e l i s e d  U  t e n s o r
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M ff lT O  .1« X-RAY a a g l* L It t »A P ig .
Because o f the significant proportion o f X-ray crystallographic  
vrork contained within this thesis, the following Appendix contains a 
b rie f description o f the theory and practice so employed. For a  more 
rigorous theoretical treatment of the subject, several excellent 
sources o f Information are available 237' 23®.
qocCTAL snegnor.
Of the various possible so lid  state phases, the crysta llin e  
state has long been embraced by the scientist and layman as a measure
o f purity. Whilst a l l  definitions o f this state allude to the high
239degree o f internal order, a precise definition is ; Crystalline  
matter is  matter that possesses a triper iodic structure on the atomic 
scale. The "ideal crystal" is  an homogeneous portion o f crysta llin e  
material, whether bounded by faces or not.' .
Any periodic function can be reduced to the denominator un it, 
and as such the atomic triper iodicity o f the crystalline state can be 
reduced to the 'un it c e l l '  corresponding to a parallelepiped, the  
contents of which are repeated within the crystal la ttice , in the 
three directions defined by its  edges. The unit c a ll is  thus defined  
by six  parameters, the length o f the three axes (a ,b ,c ) o f the 
parallelepiped and the three ¿ingles (alpha, beta, gamma) between them.
The periodicity of the crystal can be more rigorously described  
as a three dimensional lattice. The term refers to a non-material 
array o f identical points, and must not be confused with atoms. There 
are fourteen d iffe ren t three dimensional arrangements o f an a rray  of 
points, such that each and any point has an identical environment.
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UNIT CELL CRYSTAL 14 BRAVAIS CELL AXES AXIAL LENGTHS SYM4EIRY
SYSTEM LATTICES & ANGLE & ANGLES OF LATTICE





P a ¿ b + c  a, b, c
o c , í * , í y  » ,  p  , y
P a ¿ b  ¿  c  a , b , c
c  o t -  pm 9 0 °  ¿ y  y
(o r  oc -  y  -  9 0 ° +p) ( o r p )
p a t  b / c a , b , c
c
I ,  F
o < - p - y - 90°
P a ■ b ¿ c a , c
I o t - p - y - 90°
P a ■ b ¿  c 
OL m p  m 90°
y -  120°
a , c








P a ■ b ■ c  a
I ,  F o c .  f l  .  y  .  90°
m3m
Figure * 12. The fourteen Brava is  la t t ic e s  and oonvetional un it c e l ls  
(P  ■ prim ative, F ■ fa ce  centred , I  ■ body cen tred ).
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these are known as the Bravals La ttices .
The un it c e l l  w i l l  conform to  one o f  seven para lle lep iped  forms, 
as shewn in  Figure 112. These cure the seven prim ative c rys ta l systems, 
and are c la s s if ie d  according t o  th e ir  ro ta tiona l synmetry w ith in  the 
c rys ta l la t t ic e ,  whereby the presence o f  an n - fo ld  rotation  ax is  
y ie ld s  an id en tica l unit c e l l  a f t e r  a (360/n)° ro ta tion .
Though severa l choices o f  un it c e l l  are possib le  fo r  a g iven  
c rysta l la t t ic e ,  the unit c e l l  that has the f u l l  ro ta tion a l and 
trans la tiona l symmetry o f  the la t t ic e  is  chosen.
The p rim itive  c rysta l systems, with each o f  the v e r t ic es  defined  
by la t t ic e  po in ts, (one la t t ic e  point per unit c e l l )  account fo r  seven 
o f  the fourteen Bravais La ttices . The remainder are the non-primative 
la t t ic e s  produced from these p rim itive  la t t ic e s  by face centering, 
where a l l  faces (F ) o r  one pa ir  a re  centered (A,B,C) o r  body cen tering 
( I )  as shown in  Figure 112.
A la t t ic e  point is  not required to  correspond to  an atom 
position  in  the c ry s ta l, though, i f  through the choice o f  the un it 
c e l l  th is  i s  the case, then by d e fin it io n , a l l  la t t ic e  points must 
correspond to  atomic positions, since la t t ic e  points are equ iva lent.
Within the confines o f  a three dimensional la t t ic e ,  the seven 
c rys ta l systems can posses lo ca l symmetry corresponding to  one o f  32 
possib le se ts  o f  symmetry operations, known as crysta llograph ic po in t 
groups. These consist o f  combinations o f  ro ta tion  and inversion axes 
o f  order 1 ,2 ,3 ,4 , and 6 . The add ition  o f  transla tiona l symmetry 
elements to  these point groups, a property obviously consistent w ith  
the rep e tit ion  o f  the contents o f  a unit c e l l  through the c rys ta l 
la t t ic e ,  leads to  the 230 space groups, the ch arac te ris tic  g loba l 
symmetry properties o f  the c ry s ta l. The add itional translational
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elements are  the screw axes and g lid e  p lane. The former i s  a rotation  
ocmbined w ith  a trans la tion , the la t t e r  a combination o f  a translation  
and m irror operation.
The space group thus reduces the necessary characterisation  o f  
the arrangement o f  a terns w ith in  the c r y s ta l la t t ic e  to  the asymnetric 
un it, that portion  o f  the un it c e l l  tha t is  without symmetry. Thus a 
unit c e l l  containing four id en tica l molecules packed together may be 
uniquely characterised by an asymmetric un it comprising one ha lf o f  
a molecule, the rest being symmetry re la ted .
Examples o f  c ry s ta ls  with the space groups P1, P f , P21/c and 
P21/n are those metallocarhaborane c lu s te rs  characterised during the 
course o f  th is  work, (see  Chapters 3 and 4 ).
The s u ita b i l i t y  o f  X-rays as a probe o f  c rys ta l structure is  due 
to  the s im ila r ity  in  magnitude o f  the in te r  atomic spacing found in  
the c rys ta l la t t ic e  and the wavelength o f  the rad ia tion .
Tb e f f e c t iv e ly  describe the p r in c ip le s  o f  the d if fr a c t io n  o f  
X-rays by a  c rys ta l la t t ic e ,  the comparison w ith the d i f fr a c t io n  o f  
v is ib le  l ig h t  by an o p t ic a l grating i s  a  usefu l analogy238. The 
d if fr a c t io n  pattern caused by simple one dimensional gra tin gs , as 
shown in  Figure 113, shows two important features o f  d if fr a c t io n , in  
that the interspacing o f  the observed d if f r a c t io n  lin es  i s  inversely  
re la ted  t o  the interspacing o f  the g ra t in g . The constant K re fe rs  to  
the wavelength o f  the Incident rad ia tion . Furthermore the observed 
lin es  correspond to  those d iffra c t io n s  th a t sa t is fy  the requirement 
that the d if fr a c te d  beam should be in  phase by an in teg ra l number o f  









Figure 113. D iffra c tio n  patterns obtained iron  one (a  and b) and 
two dimensional o p t ic a l gra tin gs  (c ) .
(Reproduced from re ference  238)
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d iffra c ted  beams, so ca lle d  constructive In terference. Those 
d iffra c ted  beams which are  out o f  phase su ffe r  destructive 
In terference with other out o f  phase beams and g iv e  substantia lly 
reduced In ten s it ies .
The d if fr a c t io n  pattern  from the two dimensional grating (Figure 
113c) i l lu s tra te s  another important feature o f  d iffra c t io n . The 
orien ta tion  o f  the d i f f r a c t io n  is  perpendicular to  that o f  the 
g ra tin g , and together w ith  the inverse ra t io  o f  the interspacing, the 
d if fr a c t io n  produced is  thus a rec iproca l o f  the o r ig in a l grating.
These p rin c ip les  o f  d i f f r a c t io n  apply equally  to  the d iffra c t io n  
o f  X-rays by a c ry s ta l la t t i c e ,  w ith further qu a lifica tion  as fo llow s. 
The incident X-rays are d i f f r a c te d  by the e lectrons that surround the 
nucle i o f  the atoms w ith in  the c ry s ta l. The vector analysis o f  
constructive in terference f o r  d if fr a c t io n  from a one dimensional 
la t t ic e  is  shewn in  Figure 114. For the incident and d iffra c ted  beams 
t o  be in  phase the fo llow in g  eq u a lit ie s  have to  be sa t is fie d ;
AB-CD -  nX
a (cos X -  cos Y) -  n X  where n -  1 ,2 ,3 ,........
These conditions have to  be simultaneously s a t is f ie d  in  three 
dimensions (the three Laue con d ition s ), in  order to  produce a 
d iffra c te d  beam o f  s ig n ific a n t in ten s ity , from the c rysta l la t t ic e .
Another method o f  d escrib ing  the d if fr a c t io n  o f  X-rays from 
c rys ta ls  is  that developed by W. L . Bragg. The scattering o f  X-rays 
from a c rysta l la t t ic e  were ascribed to  th e ir  r e fle c t io n  from planes 
w ith in  the la t t ic e ,  (F igure 115). The angle o f  the Incidence and 
re f le c t io n  o f  the t v »  X-rays a re  equal, and the two beams w i l l  be in
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Figure 114. D iffra c t io n  from a  one dimensional la t t ic e ,  
w ith  constructive in te r fe ren ce .
Figure 115. Bragg re fle c t io n s  from la yers  o f  atoms.
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phase, fo r  a given in te r la y e r  spacing d and wavelength X , on ly a t  
certa in  26 angles, where 26 is  the t o ta l  devia tion  from the d ir e c t  
X-ray vector. This led  t o  the formulation o f  the famous Bragg's Law; 
n i *  2 d s in  6
From the observed 26 r e f le c t io n s , the planes aure conveniently 
lab e lled  using the M il le r  indices. These are  derived from the 
in tercep t o f  the plane w ith  the three un it c e l l  axes a , b ami c .  The 
Bragg equation then enables ca lcu lation  o f  the in te r - la y e r  spacing in  
the c rys ta l and the u n it c e l l  dimensions.
D P T O C T a r o  - D M *  oaijHCTnrw.
A sin g le  c rys ta l X -ray  crysta llograph ic  study consists  o f  two 
d is t in c t  stages, namely, th e  experimental observation o f  the 
d if fr a c t io n  pattern obta ined  frcin a g iven  c ry s ta l (d iffractcm etry  o r  
data c o lle c t io n ) and the in te rp re ta tion  o f  the observations (structu re 
so lu tion ). The fo llow in g  descrip tion  o f  data c o lle c t io n  i s  o f  that 
employed a t the u n ive rs ity  o f  Warwick, though the p r in c ip les  Involved 
are  universal.
Data co lle c t io n  con s is ts  o f  the systematic observation o f  two 
parameters o f  the d i f f r a c te d  / r e fle c ted  X-rays, these being the 2® 
angle o f  scattering and th e  in tensity  o f  the d iffra c te d  beam. The 
former allows the ca lcu la tion  o f  unit c e l l  s iz e  and shape, w h ils t the 
la t t e r  characterises the contents o f  the asyninetric un it.
A Syntax P2  ^ four c i r c l e  d iffractom eter is  used to  aqu ire the 
necessary angular and in ten s ity  data (see  Figure 116). The c ry s ta l, 
su itab ly  mounted on a quartz f ib re  on the Goniometer, i s  positioned on 
the phi ax is  then manually centered in  the X-ray beam. The three
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X * Angle o f  gonianeter 
around X - c ir c le
F igure 116. The fou r c ir c le  d iffra c to m e te r .
independent ro ta tio n  axes o f  th is  instrument, a llow  the movement o f  
the c rys ta l t o  almost any o r ien ta tion . For convenience, the X-ray 
source and d e tec to r  a re  kept in  the equ a to r ia l 20 c ircu la r  plane 
concentric w ith  the omega c i r c le .  Ocmbinatians o f  rotations o f  the 
ph i, khi and omega c ir c le s  then a llow  the c r y s t a l  to  be o rien ta ted  so 
that the d i f f r a c t io n s  are brought in to  the eq u a to r ia l plane and 
detected a t  varin g  20 angles.
W hilst d e tec tion  is  normally achieved w ith  a s c in t i l la t io n  
counter, prelim inary in vestiga tion  o f  the s in g le  c rys ta l specimen is  
carried  out more conveniently by photographic methods. D eterioration  
o f  the c rys ta l through loss o f  so lven t or on exposure to  a i r ,  can be 
corrected by encapsulation o f  the c rys ta l in  a  th in  quartz tube
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containing e ith e r  an in e r t o r  solvent atmosphere. Because o f  the 
r e la t iv e  a ir  s e n s it iv ity  o f  the metallocarbaboranes prepared during 
the course o f  th is  work, a l l  o f  the crys ta ls  examined by X-ray 
d if fr a c t io n  were encapsulated.
A fte r  an in i t i a l  loca tion  and centering o f  6-8  d i f f r a c t io n  
in ten s it ie s  obtained from a rotation  photograph o f  the c r y s ta l,  the 
un it c e l l  is  id e n t if ie d  from a computer generated l i s t  o f  indexed 
c rys ta l planes. A x ia l photographs are  then obtained fo r  each o f  the 
c e l l  axes, and used to  confirm  the expected dimensions and symmetry o f  
the chosen un it c e l l ,  and to  id en tify  any apparent c ry s ta l twinning.
In  a s im ila r manner to  that described e a r lie r  fo r  o p t ic a l g ra tin gs , 
those d if fr a c t io n s  recorded conform to  the rec ip roca l la t t ic e  and 
consequently the rec ip roca l unit c e l l .  This is  re ad ily  appreciated 
when measuring the social lengths o f  the a x ia l photograph, when a 
rec ip roca l sca le  has to  be used. A moire rigorous descrip tion  o f  the 
re la tionsh ip  between rea l space and the rec iproca l la t t ic e  was made 
by P. P. E w a ld , the so ca lle d  'Bwald Construction '.
A subsequent rapid data c o lle c t io n  provides 15 high 2© angle 
re fle c t io n s  which are then centered on and used to  accurate ly  
determine by a least-squares f i t ,  the unit o e l l  parameters and an 
o r ien ta tion  m atrix . At th is  point, these parameters are entered in to  a 
c a l l  reduction  program which produces the transformation m atrices fo r  
any a lte rn a tive  u n it c a l ls ,  which may show higher symnetry elements. 
Adjustment to  the parameters stored in  the computer fo r  the u n it o e l l  
can then be made as appropriate.
An automatic data co lle c t io n  over an appropriate 29 range is  
then carried  ou t. The minimum and maximum values o f  h, k and 1  are 
se lected  and the computer system atically  advances through the M illa r
338
ind ices range sp e c ified , scanning a t the angles computed fo r  the 
particu lar re f le c t io n , recording the in tensity  o f  d if fr a c t io n . Three 
standard re fle c t ion s  are  checked every 200 r e fle c t io n s  in  order to  
monitor the c rys ta l s t a b i l i t y .  Numerous adjustments can be made to  the 
d if fr a c t io n  detection  parameters, though fo r  most crys ta ls  the defau lt 
se ttin gs  o f  scan speed, range and background in ten s ity  measurement 
su ff ic e .  In  the event o f  a very weakly d i f fr a c t in g  c rys ta l being 
examined these parameters have to  be appropriately adjusted. The 20 
angle, indices and in ten s it ie s  fo r  each observed d if fr a c t io n  are 
recorded onto magnetic tape.
E ither before o r  a f t e r  the X-ray d i f fr a c t io n  study the crysta l 
is  measured using a o p t ic a l t r a v e ll in g  microscope and a absorption 
correction  o f  the d if fr a c t io n  data made. The density  o f  the crysta ls  
can be obtained by f lo ta t io n  methods, though in  certa in  instances th is  
may not be possib le , f o r  exanple a i r  sen s itive  o r  e a s ily  so lub ilised  
ocnpounds.
STOUCTUKK SaUTTUM.
The m ajority o f  e f f o r t  expended in  the structure solu tion stage 
is  focused on the successful enployment o f  a number o f  crystallograph ic 
ocnputer programs. These function on a number o f  important 
c rysta llograp ic  th eo r ies , discussed below. The f i r s t  step is  to  ge t 
the raw d iffractom etry data in to  a ocnputer data handling system.
The raw data obtained from the d iffractom etry  consists o f  the 
r e fle c t io n  indices, 20 angles and in ten s it ie s  f o r  a range o f 
r e fle c t io n s , obtained fo r  a un it c e l l  o f  known s iz e  and synmetry.
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The remaining unknown is  the space group, which is  essen tia l fo r  
structure so lu tion . The transla tiona l symmetry elements o f  a space 
group g iv e  r is e  t o  absences in  the observed d iffra c t io n  pattern, that 
i s ,  zero  o r near-zero in tensity  fo r  a g iven  re fle c t io n . The systematic 
absences, those f o r  which a general expression describes th e ir  absence, 
fo r  exanple when OkO when k is  odd, a re  in d ica tive  o f  the transla tiona l 
symmetry o f  the space group. In th is  way, a number o f  space groups are 
uniquely id e n t if ia b le ,  as in  the case o f  P21 /n, where the hOl and OkO 
re fle c t io n s  are absent when h+1 and k are odd respective ly .
Whilst systematic absences can be detected by inspection o f  the 
recorded r e fle c t io n  data, a simple computer program can speedily 
tabu la te the observed re fle c t ion s  in to  in ten s ity  groups fo r  appra isa l. 
Unfortunately sane space groups have the same translational symmetry 
elements and w i l l  th erefore g iv e  r is e  to  the same systematic absences. 
In  these cases each space group is  used, the correct one u ltim ately  
y ie ld in g  a reso lvab le  structure.
The in ten s it ie s  o f  any given  d if fr a c t io n  depend prim arily  upon 
the type and d is tr ib u tion  o f  atoms w ith in  the c ry s ta l. Given that an 
X-ray is  d iffra c ted  by the electrons associated with an atom, the 
observed in tensity  i s  the sum o f  the sca tterin g  o f  many atoms with 
constructive in terference . The la rger  the atomic number o f  an atom and 
hence grea ter complement o f  electrons the la rger the contribution o f 
the atom in  the gross scattering process. The d if fr a c t io n  has an 
associated amplitude and phase angle, the combination o f  which is  
known as the structure fa ctor F o r  F (h k l).  This quantity can be 
expressed as an exponential o r a complex number;
F (hkl) -  |F(hkl)|ei * (W tl) -  A (hk l) ♦ iB (hk l)
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where |F(hkl)| is  the amplitude and oi(hkl) the phase. The in ten s ity  is  
proportional to  the square o f  the amplitude |F(hkl)|2. The vector 
representation o f  the structure fa c to r  is  shown in  Figure 117, known 
as an Argand diagram. The structure fa c to r  is  the sunmation o f  the 
scattering amplitude, f A, and phase angle, 2 TT'(hxj-fkyj+lzj ) ,  o f  
d if fr a c t io n  from each ind iv idual atom a t fraction a l c e l l  coordinates 
x , y and z ,  towards the rec ip roca l la t t ic e  point hkl.
F(hkl) ■ ^  f j  (cos [2tf(hx^+)cyj+lZj ) ♦ i  sin( 2tr(hXj+ky^+lZj ) J
F(hki) -  z  f j  . 12fT(hV kV 1-*;))
Knowing the amplitude and phase components o f  each observed 
d if fr a c t io n  would enable d ire c t  structure solu tion. Unfortunately the 
phase information is  lo s t  in  the recording o f  the d iffra c t io n  pattern, 
(the so c a lle d  ’ Phase Problem’ ) ,  w ith  the observed in ten s ity , |F |2 
allow ing on ly  ca lcu lation  o f  the amplitude |f |.
The observed d if fr a c t io n  in ten s it ie s  are a lso  dependent on 
several o ther features modifying the d if fr a c t io n  o f  X-rays by atoms in 
a c rys ta l,
Iobs "  *  lF<h k lH 2 W hkl) P(hkl) A(hkl)
where 1 ^  i s  the observed in ten s ity , K is  a scaling fa c to r, and L, P 
and A correction  factors fo r  Lorentz, po larisa tion  and absorption 
e f fe c ts .  The absorption fa c to r  i s  a correction  fo r  absorption o f  sane 
o f  the X-ray in tensity  w ith in  the c ry s ta l la t t ic e  and is  depereient on 




F igu re 117. Vector ana lysis  o f  ind iv idua l components 
to  y ie ld  the resu ltan t F (h k l) .
co rrection s  account fo r  the observed reduction in  sca tterin g  power 
with increasing 20. A l l  th ree co rrection s  cure accounted fo r  in  th e  
computer an a lys is  o f  the observed data .
The in te rp re ta tion  o f  the observed d if f r a c t io n  in te n s it ie s  to  
y ie ld  a  molecular structure in vo lve  the use o f  approximate phase 
angles. The combination o f  the observed amplitudes and approximate 
phases a llow s the deduction o f  a t r i a l  structure by computation o f  the 
fra c t io n a l coordinates x , y  and z o f  the ind iv idual atoms con tribu ting  
to  the observed X-ray d i f fr a c t io n .
From these approximate atomic p os ition s  the ca lcu lated  structu re 
fa c to r  anplitudes |Fcalc| a re  oonputed. The comparison o f  these t o  the 
observed structure fa c to r  amplitudes |Fobs| enables a s e t  o f  improved 
approximate phase angles t o  be obtained. These are then substitu ted 
back in to  the |Fcalc| : |Fobs| comparison to  y ie ld  a  fu rther improved 
se t o f  phases. This recyc lin g  is  the bas is  o f  the 'F ou rier S yn th es is ',
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a convergent process lead ing t o  a re fin ed  structure so lu tion . The 
refinement process is  monitored by the residual fa c to r  R, where
£<|Fobs| -  |Pcalc|)
R .  -------------------------------
Z(|P°b.|)
The R -factor is  a measure o f  f i t  between the observed and t r ia l  
structure amplitudes, and though not equated to  the correctness o f  the 
structure, with a few exceptions, th is  normally proves to  be the case.
W hilst the method o f  structu re solu tion  and refinement outlined 
appears to  be reasonably stra igh tforw ard , the in i t i a l  choice o f  
approximate phase angles tha t lead to  the t r i a l  structure i s  o f 
paramount importance. The methods a va ilab le  fo r  th is  purpose include 
the 'D ire c t Methods' and 'Pa tterson  Heavy A tan ' techniques. The former 
is  mainly o f  use in  in te rp re ta tion  o f  data derived from the analysis 
o f  organic m aterials, in  which a l l  atoms are o f  a roughly s im ila r 
mass. The heavy atom technique i s  used in  cases where one o r  more 
s ig n if ic a n t ly  heavier atoms are  present in  the c ry s ta l la t t ic e ,  and is  
th ere fo re  used to  obtain structures o f  inorganic compounds, espec ia lly  
those containing a tran s ition  metal atom.
The basic reason behind the success o f  the Patterson method is  
the domination o f  the X-ray sca tte r in g  by the heavy atom. Referring 
bade to  the Argand diagram o f  the structure fa c to r . Figure 117, i t  is  
e a s ily  seen that the amplitude and phase angle o f  a d if fr a c t io n  that 
Includes that o f  the heavy atom ( F , <x) w i l l  have a phase very  nearly 
that expected from an iso la ted  heavy atom (Fh,oCh).
Patterson devised a method o f  determining the position  o f  the 
heavy atom by evaluation o f  a s e r ie s  that does not r e ly  on phase
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In form ation, on ly the |p|2 and Indiana o f  each d i f f r a c t io n .
P (u ,v ,w ) ■ |F|2 ooe 21Hhu *  kv ♦  lw )
The resu ltan t vector map produced corresponds to  a s e t  o f  N2 peaks 
representing a l l  o f  the in te rs  ton ic  vectors between N a tone. Urn 
in ten s ity  o f  each peak i s  proportional to  the product o f  th e  aton ic 
timbers o f  the atone concerned, hence, th is  w i l l  a lso  be dominated by 
the heavy atom vectors , p a rticu la r ly  the s e l f  vectors , which are 
co in ciden t a t  the o r ig in ,  k a ltip le  two dimensional Pa tterson  map fo r  a 
th ree a ton system i s  sheen In  Figure 118, (h  a id  1 r e fe r  t o  heavy a id  
l ig h t  a tan s ).
a * »  any heavy a ton pos ition s  have been found by a Patterson 
an a lys is , the phase angle o f  the heavy atom dominated d if f r a c t io n s  are 
ca lcu lab le . These phase angles a re  then used in  the Fou rier re fin an m t 
described e a r l ie r ,  w ith  the l ig h te r  atoms being revealed  in  subsequent 
Fou rier maps.
Figure 118. TVro dimensional Patterson map fo r  a three a ton  system.
344
APPHPIX II , w arn  w o e n c  KBsaom sracmoBoapy.
Though X-ray crystallography is  the d e f in it iv e  method o f 
s tructu ra l ana lys is , boran-1 1  and proton n .m .r. spectroscopy provides 
a quick and convenient method o f  obtain ing structural information, 
p a rticu la r ly  using recen tly  developed 2D n.m .r. techniques156' 157' 158.
With a  nuclear spin quantum number ( I )  o f  3/2 and 1/2 fo r  11B 
and 1H resp e c tiv e ly , the BH c lu ster unit produces a four lin e  
resonance in  the 1H spectrum and a two l in e  resonance in  the 11B 
spectrun. T yp ica l coupling constants are found to  be J (B-H( tem inai ) )
-  80 -  190 Hz. Further coupling is  found where bridging hydrogens are 
present, ) -  50 Hz. For a boron w ith one terminal and
one b ridg ing  hydrogen attached the expected boron resonance is  
th ere fo re  a  doublet w ith doublet f in e  structure, w h ils t the proton 
spectrum should revea l a septet (from 2 B 's ) fo r  the bridging hydrogen 
with f in e  structure due t o  any coupling to  the terminal hydrogen. The 
magnitude o f  boron-boron and long range proton-proton couplings are 
s ig n if ic a n t ly  le s s  than than the couplings observed between boron arri 
attached hydrogen a tons, w ith  typ ica l values o f  J (B -B ), J <B_H( term inal) )
J(H( term inal ^ (b r id g in g ) 1 ran9in9 fran  -  20 to  5 Hz.
Because the 11B nucleus has a la rge  e le c t r ic  quadrupole moment, 
spin la t t ic e  re laxa tion  is  rapid causing l in e  broadening fo r  
resonanoes in  both 11B and 1H n.m .r. spectra o f  boron c lu sters.
Typica l h a lf  heigh t linewidths are 30 to  60 Hertz ocnpared to  a few 
Hertz in  the proton n.m.r. organic ocmpounds. The la rge  linewidths 
hinder the in terp reta tion  o f  11B spectra due to  the overlapping o f 
many o f  the observed resonanoes. Genparing the magnitude o f  the 
linewidths w ith  the various coupling constants fo r  boron clusters i t
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is  c lea r  that the on ly coupling expected to  be resolved in  a normal 
reso lu tion  n.m.r. spectrum is  th a t between boron and the attached 
hydrogens. Whilst the ^®B isotope w ith  I  ■ 3 and 20% abundance should 
be considered, i t  i s  found to  g iv e  coupling constants o f  one-th ird  the 
magnitude o f  11B coupling constants. The combination o f  higher 
m u ltip lic ité s , lower abundance and smaller coupling constants g iv e  
r is e  to  n e g lig ib le  inpact on the observed spectra due to  10B and is  
normally disregarded.
The successful extraction  o f  structura l information from the 
boron-11  and proton spectra o f  boron c lu ster molecules r e l ie s  on the 
in terp retion  o f  the number o f  observed resonances and th e ir  
m u lt ip lic it ie s ,  w ith  regard t o  the symmetry they in p ly . There a re  no 
genera lly  applicab le en p ir ica l co rre la tion s  between chemical s h i f t  o f  
boron resonances and the chemical environment o f  the boron atoms that 
can be used to  pred ic t o r confirm  th e  precise 11B n.m .r. spectrum. 
Advances in  th is  area are however being  mode, w ith  some very usefu l 
corre la tions  having been developed f o r  the p red ic tion  o f  the r e la t iv e  
positions o f  the resonances in  the n .m .r. spectra fa r  c loeo  boranes 
and hetero-baranas^*®.
Several o f  the techniques a v a ila b le  fo r  the s im p lif ic a tio n  o f  
proton spectra in  organic oonpounds are  equally usefu l in  c la r i fy in g  
the o ften  oanplex 11B n.m.r. spectra  o f  boranes and carbaranes. The 
most important o f  these are , increasing magnetic f i e l d  strength, 
proton decoupling and most recen tly  2-Dimensional n.m .r. Along w ith  
assumed use o f Fourier Transform c o l le c t io n  o f  data, the use o f  
increased f i e ld  strength and both proton and boron decoupling have 
the expected e f fe c t  o f  Improving reso lu tion  o f  the observed resonances 






Figure 119t n.m .r. spectra o f  decaborane( 14).
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are  illu s tra ted  in  the 11B spectra o f  decaborane(14) shown in  Figure 
119. The structure and topo log ica l description are a lso  g iven  to  aid 
in terp reta tion .
Though the o r ig in a l app lica tion  o f  2D n.m .r. was in  
heteronuclear 13C -  1H systems, i t  has now been developed150 fo r  
app lication  in  both heteronuclear 11B -  1H and hcmonuclear 1H -  1H and 
11B -  11B stud ies and has been used to  provide structura l information 
fo r  a number o f  boranes, carbaboranes and metalla d e r iva tives150' 159'  
184,242-5' Qf these techniques the la tte r  g iv es  the more important 
information, though a l l  are extremely useful in  the e lu cidation  o f 
borane c lu ster structure.
In the heteronuclear 11B -  1H 2D n.ra.r. experiment, the spectra 
obtained shew corre la tions  between the 11B resonances and the attached 
hydrogen atoms which enables the assignment o f  proton resonances, both 
bridging and term inal, to  s p e c i f ic  boron atoms.
The hcroonuclear 11B -  11B 2D n.m.r. experiment d etects scalar 
spin-spin coupling between adjacent boron atoms, enabling the 
connectiv ity  o f  the polyhedral framework to  be mapped and the boron 
resonances to  be assigned unambiguously ( in  most cases ). The 2D n.m.r. 
spectrun is  obtained by recording 256 F .I .D 's  a t a constant time 
in te rva l t1 , and as a function o f  t2 . The pulse sequence used is  
r e la t iv e ly  simple compared to  the heteronuclear experiment,
90°-t1 -90°. The 256 x 512 po in t data matrix is  subjected to  Fourier 
Transforms in  both d irection s  y ie ld in g  a 2D frequency map. Those peaks 
on the diagonal represent the resonances in  which no modulation o f 
th e ir  precession frequency by other resonances has oocured during the 
second 90° mixing pulse, l . e .  the normal 11B spectrum. Those peaks o f f  
the diagonal (cross-peaks) represent modulation o f  one resonance by
348
11B 11B cosy p lo ts  and assignments
Fundamental con n ectiv ity Complete connectiv ity
Figure 120. 11B-11B COSY p lo ts  fo r  decaborane(14) and con n ec tiv ities .
(Reproduced from re feren ce  158)
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another v ia  sca lar coupling during the mixing pulse, ind ica ting  
ad jacen t nucle i. Detection o f  coupling is  dependant on fa c to rs  such as 
reasonable separation o f  resonances in  the 1 D spectrum and s u ff ic ie n t ly  
lon g  relaxation  times. W hilst the in ten s ity  o f  the cross peak i s  not 
s o le y  re la ted  to  the magnitude o f  J(B-B) i t  i s  an aproximate guide, 
such that lew in ten s ity  ind ica tes long boron-boron bonds. In  most 
instances those boron a tons connected by a bridging hydrogen do not 
g iv e  r is e  to  cross peaks. This r e f le c ts  the M.O. descrip tion  o f  such 
bonds as having l i t t l e  e lec tron  density  along the B-B vec to r . In  the 
2D n .m .r. o f  carbaboranes prepared during th is  work (see Q iapter 3) 
coupling has been observed between boron atoms connected by b ridging 
hydrogens, though in  most instances i t  is  o f  low in ten s ity .
In  a review o f  hcmonuclear 11B 2D n.m .r. Grimes e t  a l 158 
ou tlin ed  the fo llow in g  approach t o  the deduction o f  structure from the 
so c a lle d  'OOSY' p lo ts . By considering a l l  o f  the observed couplings 
in  th e  1 1B-11B OOSY o f  decabarane(14) illu s tra te d  in  Figure 120, the 
fundamental connectiv ity  o f  the four sets o f  boron atoms in  
decaborane(14) can be deduced as shown. Translation  to  the complete 
structu re  is  made by taking in to  account the r e la t iv e  weightings 
(A (2 ) ,  B (2 ), C (4 ), D(2) from the in tegration  and molecular formula, 
g iv in g  the connectiv ity  o f  the complete framework. The boron atoms 
1 t o  10 are th ere fo re  assigned to  the resonances A to  D as shown in  
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